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PEEFACB. 



At a time when the Metropolis of India is ex- 
changing, in the course of a few houra, telegraphic 
messages with the Metropolis of England — when the 
capital of China will also be shortly brought within 
the electric circuit — when the West and the East 
are united with each other in friendly intercourse — 
when the English, French, and Indian steamers are 
carrying mails and merchandise every week backwards 
and forwards — in fact, when the civilised "West baa 
been brought into such close proximity to the East — 
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it is of the highest importance that the improved 
machinery of modem times should be substituted in 
place of the rude apparatus with which the arts and 
manufactures are still carried on in India and the 
East. As one means of furthering so desirable an 
object, this volimie is published; but not with the 
idea that a country is necessarily richer by manufac* 
turing its own raw produce. Let this be done by 
any nation, it matters not in what part of the world, 
as long as it can be done, and done well, and brought 
to the market at the cheapest price. 

Plans of factories are given for some of the most 
important industrial works now carried on in the East 
with rude appliances, but which, if worked on the 
factory system with improved machinery, there is 
every reason to believe, will prove commercially suc- 
cessful. 

The fact that capitalists in India and the East 
have not that enterprise and spirit which distinguish 
the European race, has been kept in mind in fixing 
the size of works. In the East, persons with large 
fortunes, and generally not educated, have naturally 
no inducements to trouble their minds with manufac- 
turing enterprise ; they therefore require to be intro- 
duced to the subject by degrees. Estimates are given 
and brought to such a point that persons possessing 
moderate capital will be able to carry out a great 
many of the industrial projects described. This will 
be preferable to the formation of joint-stock companies 
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for that purpose. But joint-stock companies^ if well 
managed, will be able to erect works on a scale of 
magnitude wbich would vie with those of Europe, 
where single individual firms invest such large amounts 
of capital as could hardly be conceived by persons 
possessing the same wealth in the East. 

Attention has been given, in the plans of mills and 
factories, to adapt them to the wants of the country. 
The estimates have been framed in several cases from 
actual invoices ; and the practical information has been 
gathered in the manufacturing districts of England 
from the best sources. The introductory and manu- 
facturing chapters to each subject have been compiled 
from very reliable authorities, and the whole put into 
such shape, and so illustrated, as to prove a usefiil 
industrial guide-book, not only in India and the East, 
but also in other countries. Even to the general 
reader, not connected with factories or mills, but 
taking an interest in the advancement of civilisation 
and the elevation of mankind, the introductory 
chapters, in which the rise, progress, and present 
state of each manufacture are given, will, it is hoped, 
be of some interest. The statistics from the papers 
presented to Parliament, and other authentic sources, 
will be of use as showing the direction in which 
industrial progress can be developed, and to what 
extent it is capable of expansion. 

Though this work is published in the interest of 
India and the East, it will not be the less in the 



interest of England and the Engliah macIiinistB, as 
what will benefit the one oomitry must benefit the 
other also. 

To name those firms and individuals who have given 
valuable information would be to fill up one or two 
pages with mere names. To aaxae one and not the 
others would be invidious. To one and all, therefore, 
the Editor tenders his warmest and most sincere 
thanks. May the Almighty promote the interests of 
all countries, in the cause of Peace and Prosperity ! 

P. B. C. 
LoMDOH, July, ISeT. 
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INDUSTRIAL DEVELOPMENT IN INDLA. 
AND THE EAST. 




A SHORT stay in the mtmufacturing districts of England 
— in the midst of huge spinning and weaving mills, 
hleach-works, print-works, engine factories, workshops, 
and forges, the incessant noise of spindles and machi- 
nery, and the endless traffic — brings vividly to the 
mind of even a very dull person the advantages which 
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the use of machiDeiy confers on mankind. These 
advantages arise from the rast addition vhich machi- 
nery makes to humaii power, the economy vhich it 
effects in time, the precision with which all its opera- 
tions are conducted, and the exact similarity in the 
articles that are made. It is by the aid of machinery 
only that the productive work of a single individual 
can be multiplied a thousand-fold, and made far to 
surpass iu cheapness any hand-made work, notwith- 
standing that, in the first instance, a great outlay is 
required in machinery and other stock. 

In India and other parts of Asia, as labour is getting 
scarcer every year, the introduction of improved machi- 
nery in place of the rude implements still in use wotdd 
be beneficial, seeing that economy must arise from the 
substitution of machines. 

It cannot be denied that the elements of manufac- 
turing success exist iu India and other parts of Asia; 
nor that the natives will acquire more wealth by manu- 
&cturing the raw material with improved machinery 
for their own wants and for export, thaa by sending 
such materials thousands of miles, entailing a heavy 
expense in the cost of transit — to be returned in the 
manufactured state to the very places whence the raw 
materials wore sent in the first instance, and charged 
with all tlie immense attendant outlay, which amounts 
to from twenty-five to thirty per cent. 

No doubt the first cost of machinery in India and 
Obina will be higher than in Great Britain, arising 
from the freight and other charges which would have 
to bo incurred ; and much more will have to be paid for 
ftiel ; but, on the other hand, the saving in the price 
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insurance, and merchants' charges. To take an illus- 
tration. Despite the drawback in Bombay of having 
to pay for coals much more than is paid in Great 
Britain — with the disadvantage of untrained hands in 
the mills, producing a less quantity of yam and cloth 
than in England per a given number of spindles and 
looms, and bad management in nine mills out of ten — 
the cost of spinning No. 20*8 twist (the principal number 
in demand in the Bombay Presidency) does not come 
to more than the cost of spinning the same nimiber in 
a Lancashire mill in England. The high price of fuel, 
moreover, is in course of being lessened by the working 
of coal mines. The East India Railway Company 
obtains its supplies from the mines of Burdwan Kanee- 
gunge at a cost of no more than ten shillings per ton 
at the mouth of the pit. 

That improved machinery can be successfiiUy em- 
ployed in India and China for particular manufactures, 
and more cheaply than hand labour, cannot be doubted. 
Its success has been proved in the case of cotton mills 
in Bombay, and jute mills near Calcutta — the latter of 
which are almost all owned by Europeans. 

It has been asserted that India is only an agricultural 
country ; but it is an agricultural and a manufacturing 
country as well. No better proof of this could be given 
than the seven hundred working samples of Indian 
textile fabrics, collected in eighteen volumes, and pre- 
sented by the Secretary of State for India to the Man- 
chester Chamber of Commerce and other institutions. 
The commissioner sent by the Manchester Cotton Supply 
Association to India, during the American war, stated 
in his official report that 1,250,000,000 pounds of 
cotton are consumed in India^ and that 33,000,000 
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natire spuuHes must be kept at work by the people of 
India. 

The birth-place of cotton mannfactnres was India. 
India supplied Great Britain with yam and cotton 
goods long before she famished a pound of the raw 
materiaL Jaconets, mulmuls, doreas, were all originally 
manu£Eu;tured in India. India not only carried on 
internal manufacture, but also an export trade. The 
Europeans carried the knowledge of this manufacture 
originally from India to Europe. The general name of 
Calico has been applied to the plain white cloth, from 
the circumstance of this article having been first ex- 
ported from Calicut, situated on the Malabar Coast, in 
India. In the seventeenth century, the Dutch and 
English East India Companies sent to Europe Indian 
manufactured goods in large quantities — ^the finest 
muslins and table-cloths from Bengal; best chintzes, 
ginghams, and long cloths from Madras, and strong 
and inferior goods from Surat and Calicut. For many 
hundred years Persia, Arabia, and all the eastern 
parts of Africa were supplied with a considerable por- 
tion of their cloths, cottons, and muslins, from the 
marts of India. 

In 1621, Mr. Main, one of the Directors of the East 
India Company, estimated the annual importation of 
Indian calicoes in Great Britain at 50,000 pieces, the 
average cost of which on board in India was seven 
shillings. The Indian muslins, chintzes, and calicoes 
became very fashionable in Britain for ladies' and 
children's dresses. To such an extent did this proceed, 
that as early as 1678 a loud outcry was made in 
England against the admission of Indian goods, which, 
it was maintained, were ruining the English woollen 




■lanii&ctere m Grat Britun. An Act was paacd in die 
year 1700 <Act II and 12, WOfiam IH^ diapu 10) 
which foffhade die i nt ro d uction of TimHmm goods for 
domeetie nw in Great Britain under a penakr of £6 on 
the wearer and £20 on the edkr. The odier gOTem- 
menta of Europe also thought it neceBsarr to prohibit 
the introdncticHi of TndiaTi nianii£Mrtiired goods, or to 
load them with Terv hearr dnties. In Britain the 
Act did not prerent the continued nse of the goods, 
80 a duty was levied cm Tudian mannfartnred teztilea, 
— ten per cent, on cotton, and twenty per cent, on silk 
goods. That nsefol fiibric known as nankeen was also 
imported into Grreat Britain from China directly and 
indirectly to a large extent. 

There can be no doubt that Indian calicoes, muslins, 
chintzes, and China nankeen had become common in 
England at the close of the seventeenth century. De Foe, 
in a number of the Weekly Revien:, January, 1708, sharing 
the general notion of that time, bitterly lamented the 
large importations of Indian goods into Great Britain, 
and stated that '' the general fansie of the people runs 
upon East India goods. ... It has crept into our 
houses, bed-chambers, curtains, cushions, chairs ; and 
at last beds themselves were nothing but calicoes or 
Indian stufGs ; and, in short, almost everything relating 
to the dress of the women or the furniture of our 
houses was supplied by the Indian trade. About half 
of the woollen manufacture was entirely lost, half of 
the people ruined, and all this by the intercourse of the 
East India trade." (!) 

But a revolution has since taken place. The tide 
of commerce now runs more rapidly against the 
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Indians than it ever ran against the English. And 
why P Not because the British have made more 
progress in the delicacy of manipulation, — even with 
the aid of machinery the beautiful Dacca muslins 
have scarcely been surpassed by them as yet, — but 
simply in the immense quantity of goods they can 
manufacture by the substitution of improved machinery. 

The art of printing calicoes by hand blocks was 
practised in India from the earliest ages ; but now the 
calico printing machinery of Great Britain and other 
European nations is fast superseding the printing of 
Italian chiQtzes by hand labour — though in the year 
1680 the East India House was mobbed in revenge for 
some large importations made by the East India 
Company, of chintzes manufactured in India. 

The process of dyeing Turkey red was also first 
discovered and practised in India ; it was then intro- 
duced into Europe and greatly improved, and now a 
considerable portion of the Turkey-dyed British goods 
finds its way back again to the East, though the beauti- 
ftd dyes of India still maintain their high character in 
Europe. The most important dye-stuffs so extensively 
used in Great Britain, such as madder, indigo, lac dye, 
&c., are still produced in the East, and exported in 
large quantities to Europe. 

There is no dpubt that, had it not been for the in- 
vention and improvement of machinery in Europe, 
India would still have maintained her supremacy. But 
while every country in Europe was making some ad- 
dition to its knowledge in useful arts and sciences, 
Asia slumbered in a death-like torpor, spell-bound and 
entranced by the accursed superstition which preyed 
on her btrength. 
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But now the time is come when Asia must rise ifrom 
her inactivity, cast off her superstitions, march with the 
progress and civilisation of the times, and amongst 
other things (instead of spinning and weaving, dyeing 
and calico printing, and manufacturing, with rude 
apparata, just as her forefathers did a thousand years 
ago) substitute the improved machinery of modem 
times. India must improve the resources which nature 
has provided ; she must develop industrial appliances, 
and give facility to the accumulation of wealth by well- 
directed capital and labour, and by applying improved 
machinery and the useful arts for the production of 
various commodities. There is no doubt that the 
marvellous prosperity of Great Britain has, to a great 
extent, resulted from her manufactures, chiefly cotton, 
and that her wealth has been accumulated chiefly 
by manufacturing enterprise. The condition of any 
country must be precarious as long as its people are 
chiefly dependent on the produce of the land. It is the 
prevalence of manufacturing industry that has placed 
European countries in a position of prosperity. 

A stationary position has ruined Indian manufac- 
tures. But in the nineteenth century, under the 
British Raj, with a weekly communication to and from 
the most civilised nations on earth, a stationary position 
is out of the question. The accumulated result of many 
centuries' invention now lies at the door of Asia. Pro- 
gress in manufacturing and agricultural industry must 
henceforth be her motto. It will enrich the people, 
impart knowledge, remove prejudice and superstition 
from the land, and enable Asia to share with other 
nations advantages she does not enjoy at present. 
The prosperity of Asia will not depend solely on the 
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extent of her population nor the richness of her un- 
developed natural resources, nor even on her accumu- 
lated wealth, but maiuly on that portion of her wealth 
which is being directed to useful purposes. It is only 
that portion of her capital which may be thus employed 
in A^ia that will affect her industrial progress. The 
indostnal condition of Asia will never be improved by 
looking up her wealth in unproductive, useless works, 
or by hoarding up the precious metals — a practice 
which still prevails to a very great extent. It will be 
mainly by employing her wealth in aiding labour in 
the development of her resources, and in the intro- 
duction of improved machinery, that her prosperity can 
be stimulated. In a country where the ingredients of 
manufacturing success do exist, why should its power 
be wasted, instead of employing that power for its own 
benefit and the benefit of its teeming millioos ? 
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INTRODUCTION. 

Among all the variouB materials wtich the skill of mau 
converts into comfortable and elegant clothing, the 
most extensively uaeful is the beautiful produce of the 
cotton plant. It possesses downy softness and warmth, 
and its delicate fibres are flexible and tenacious. Dr. 
Forbes "Watson, reporter on the products of India, haa 
stated that there is no country in the world of equal 
extent so favoured as Hindostan for the production of 
cotton, as regards climate and soil. More than seventy 
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samples of soil, carefully selected in India, were ana- 
lysed in England, and conclusively showed the richness 
of the Indian soil in all the important constituents 
required for the growth of cotton and other fibrous 
plants. 

In almost every part of India cotton is grown for 
local consumption and for export ; but certain districts 
are wholly occupied with its cultivation, chiefly for 
export to Great Britain and China. The Bombay 
Presidency, Surat, Broach, and other sea-indented 
lands of Guzerat, with their numerous outlets, have 
been the chief sources of supply. In the interior, 
Berar, which is celebrated for its superior cotton, has 
been able to supply places from 400 to 1,000 miles 
distant, finding it sufficiently remunerative. In the 
south, another important and extensive cotton district 
is in the Southern Mahratta country. To the east of 
Berar is the extensive province of Nagpore, where 
Oomravathy and Khangaum are the chief cotton marts. 
In the Madras Presidency, including Bellary, Tinne- 
velly, and other collectorates, thousands of acres are 
planted with cotton. 

The culture of American cotton has taken firm root 
in India, chiefly in Dharwar ; and from that district 
cotton is now obtained of a quality nearly equal to 
middling American, and which on the whole yields 
satisfactory profit to the cultivators. For this boon, 
a debt of gratitude is due to Mr. Shaw, the collector, 
and Dr. Forbes, who caused the average yield of 
cotton and its market worth per pound to be nearly 
doubled. 

The Dharwar cotton, from the acclimatised American 
seed, now stands at the head of the Indian price list, 
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and, according to the report of the Commissioner sent 
out by the Manchester Cotton Supply Association, is, 
when properly cleaned, a fair rival to IMew Orleans 
cotton. 

Dr. Forbes has recently published a report to show 
what other provinces besides Dharwar are best adapted 
for the cultivation of the acclimatised American seed ; 
and it appears that the acclimatised plant will thrive 
in many districts : in the Nizam's territory, a hundred 
miles from Dharwar — in Bellary in the Madras Presi- 
dency — and also in the North- West Provinces. In 
Khandeish, where cotton was grown of very inferior 
quality, the defect, according to official statements, has 
been remedied by the extirpation of the old cotton, and 
the complete introduction of the Berar variety ; and 
there is every prospect of a grand future for the pro- 
vince, with its large area suitable for the crop. 

In the official reports, 1866-7, of the cotton crops of 
the Southern division of the Bombay Presidency, it 
was shown that while the total cost to the cultivator 
per acre, in the case of exotic cotton, was 15^., and for 
the native plant, 13«. 6d,, the profit by the sale of the 
produce in the former case was 25«., and in the latter, 
i28. 6d,y showing an advantage in favour of acclima- 
tised New Orleans of 125. 6rf. per acre. The extra 
out-turn not only represents a very much larger profit, 
but, what is of still more importance in a country where 
abnost every acre of arable land is taken up, it is an 
immense saving of cultivatable area. 

The Manchester Cotton Supply Association has 
rendered good service to India and other cotton-grow- 
ing countries by furnishing the best description of 
seeds and improved machinery ; and has issued several 
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pampUets describing the best modes of culture, for tbe 
use of persona engaged in cotton cultivation. The 
Association looks to India as the country from which 
the largest supply, next to America, is to be obtained. 

There is ample room for the efforts of private enter- 
prise and pubKc companies in various parts of Asia, for 
the introduction not only of improved seeds, but also of 
improved agricultural and ginning machinery ; seeing 
that the cultivators or ryots are a poor and ignorant 
race, having no money to lay out on the improvement 
of their land, or in improved machinery for cleaning 
cotttm. 
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PRACTICAL PROCESSES. 

When cotton is plucked from the plant, its fibres are 
largely mixed with the seeds, and with other woody 
fibrous matters which adhere very closely. These im- 
purities must be removed before any attempt is made 
to manufacture it. Considerable difference is found to 
exist between the different varieties of cotton in the 
force with which it adheres to the seed. In the black- 
seeded varieties it separates easily, while in the green- 
seeded cotton it adheres firmly. 



FRACTiCAL 



The first procesa, therefore, is the separation of the 
seed from the staple to which it is firmly attached, con- 
vertiug seed cotton into clean cotton by means of gins. 
The oldest of these machines are the Indian ckurkas. 
They are still used in India, and have probably re- 
mained without material improvement or modification 
for two thousand years. In the Indian churka two 
small wooden rollers are placed one over the other in a 
frame, and they work together with teeth cut out of 
the ends. The machine, though it hardly deserves that 
name, is turned by one person and fed with cotton by 
another. The kapas, or seed-cotton, in its dirty state, 
is put in at one side and the fibres drawn through 
between the rollers ; the seeds being too large to pass 
are thereby torn off, and fall down to the opposite side, 
being thus separated from the clean fibre. More 
than 75 per cent, of the cotton produced in India 
is ginuea by the common churka, and the yield of 



clean fibre is half a pound per hour for each person. 
The churka used in the Southern Mahratta country 
is the foot-roller, worked by a woman, which turns 
out frcan 8 to 12 lbs, of clean cotton daily. The 
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common Guzerat churka turns out 12 to 14 lbs. of 
clean cotton and 28 lbs. seeds in a day, and requires 
two persons to work it. Some years ago Dr. Forbes 
tried to improve the Indian churka for cleaning kapas 
or seed-cotton, by introducing improvements of a simple 
character, to enable one person instead of two to work 
it. 

From the records of the Bombay Chamber of Commerce 
it appears, according to the minute of Mr. John Flem- 
ming (who has been honoured with the order of the 
" Star of India,'* and who has done more than any other 
native or European merchant in introducing useful in- 
dustrial enterprise into Western India), that Dr. Forbes' 
improved cottage churka turns out a larger quantity 
of clean cotton in a given time than the rude Indian 
apparatus, without injuring the staple. 

There is a general complaint that the cotton crop is 
not properly weeded, and that when ripe it is not 
carefully picked or properly cleaned ; this arises from 
the scarcity of hands, which is very great in the picking 
season. One mode, as Dr. Forbes remarks, of remedy- 
ing these defects will be the introduction of machinery 
for cleaning cotton. Machinery will not only ensure 
that the cotton shall be better cleaned and packed, but 
will also set free many of the hands now employed on 
the clumsy and inefficient native churkas. 

In America, Mr. Whitney invented his well-known 
saw-gin, which enabled cotton-growers to keep pace in 
cleaning it with the demand of the times. An immense 
stimulus was thus given to the cotton-producing power 
of America. The production in the United States alone 
rose within ten years from the date of invention two 
hundred fold; and in 1860 the cotton crop in that 
country amounted to 3,800,000 bales. The cotton gins 
now in general use in the States are, in principle, the 
same as the original Whitney gin, though a good 
many improvements have been introduced from time to 
time. The gin contains circular saws mounted on a 
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cylinder turned by a fly-wheel. Another cylinder 
mounted with brushes, and working in an opposite 
direction, cleans the cotton from the teeth of the saws. 
It is stated that one man with a two-horse power 
engine can clean, with a Whitney's eighty-saw gin, 
about 80 pounds per hour. But the American saw-gin 
is not adapted for ginning the short-staple variety of 
Indian cotton, because the fibre is too weak to stand 
the action of the saws. In the case pf the New Orleans 
cotton of the Dharwar and other districts, a modifica- 
tion of the saw-gin, adopted in the Dharwar Govern- 
ment gin factory, has answered to some extent. These 
saw-gins are worked by manual labour ; eight persons 
being employed to a gin of eighteen saws, and six to 
one of ten saws. 

It is strange that at a time when the establishment 
of railways in India is rapidly extending, and when 
steam has been applied in England even for such pur- 
poses as driving mock wooden horses round and round 
at a rapid speed for the mere amusement of children (as 
may be seen at Knott Mill and other fairs in England), 
and even in brushing hair at hair-cutters' shops, some of 
the Indian Government officials have seriously proposed 
to economise labour and time by devising a simple giu to 
be entrusted to common villagers. This is surely a 
mistake. Economy of labour and celerity of perform- 
ance will only be insured by the use of cotton-gins 
provided with the latest improvements, and driven by 
steam, as lately introduced in Guzerat. 

Since the establishment of the first steam cotton- 
ginning factory, the increased cultivation of cotton in 
other parts of the world has so increased the demand 
for cotton-gins, that English machinists have paid 
withiQ the last few years special attention to their im- 
provement and construction, so that every description 
of cotton may be ginned by them. The gin introduced 
into Guzerat is that known as the Improved Macarthy 
Gin, made forty inches wide. The seed cotton is fed 
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into this machine by an endless travelling apron, opened 
out by a spiked roller, transferred therefrom in de^hed 
tofts by the vibratory movements of a transferring comh, 
and presented to another roller between fixed and 



vibratiag blades, which come into action alternately. 
The seeds are separated in this improved gin without 
being crushed, and the fibre of cotton is not in the 
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least injaied. Instead of the leather od the roller in 
this machine, which requires to be renewed at short 
intervals of time, and which ia expea^ve, jnte-doth, 
which is very cheap, has been substituted, to effect 
economy in working the gin. 

It is a gratitying fact that within the last three years 
about 3,000 Macarthy gins, worked by steam, have been 
introduced into Guzerat, chiefly through the enterprise 
of a few Europeans ; while in Dbarwar, producing a 
fer better quality of cotton, and therefore with the sure 
prospect of obtaining an increased production in ginning, 
neither Macarthy nor any other gins driven by steam 
have been introduced. It ia a prevalent behef that 
those interested in the Government Dharwar giu 
faotoiT, which supplies saw-gins fitted with saws mi- 
ported from England, would use their powerfiil interest 
in the district to prevent native cotton merchants from 
sending their cotton to be ginned in the steam ginning 
Victories that may be established. It is now highly 
expedient that the Dharwar Government giu &ctory 
should be abolished, leaving the field open for private 
enterprise. From what has been done in Guzerat, 
there need not be the slightest apprehension that the 
field will long remain unoccupied. 
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ESTIMATE FOR A COTTON GINNING FACTORY. 

25 Improved double-action Macarthy ginB, 40 inches wide, with 
self-feeding apparatus, and other recent improvements, com- 
plete . . . . 500 

(Without improvements will cost much less.] 
1 Horizontal steam-engine, high pressure, cylinder 14' , stroke 
30", with governor, fly-wheel, &c., complete ; 1 Cornish 
boiler, 18 feet long, 5 feet diameter, complete, with mount- 
ings 300 

Shafting for driving the gins, including wheels, pedestals, columns, 

&c 100 

Leather belts (one large, from steam-engine) .... 50 

Extras and miscellaneous articles, paclong, and free delivery on 

board 100 

£1,050 



DIMENSIONS OF A COTTON GINNING FACTORY 

For 50 Gms. 



Ginning-room 

Engine and Boiler-house 


Length. 
Feet. 


Breadth. 
Feet. 


Square 
Feet. 


Height. 


Cubic 
Feet. 


160 
38 


25 
25 


4,000 
950 


15 
10 


60,000 
9,500 


Total in square feet 


and cul 


jic feet 


4,950 




69,500 
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EEMAEKS ON COTTON GINNING FACTORY. 

Ginning is so important that cotton cleaned in a 
proper machine fetches a higher price than when 
cleaned in one of less perfect actioiL 

The estimate for a cotton ginning factory is for 26 
40-inch Macarthy gins, with all recent improvements. 
If the number of gins be increased, so much the better 
for economical working. No ginning factory ought to 
have a less number than 20 gins. The cost of the 26 
gins, with self-feeding apparatus, and other improve- 
ments, with steam-engine, boiler, shafting, packing, and 
free delivery, comes to £1,060. From this estimate the 
cost of any number of gins, with the necessary amount 
of motive power for driving them, may be calculated. 
In some ginning factories, to open the tufts of cotton 
opening machines are used. Two will be required for 
26 gins, and will not cost more than £50. 

A steam-engine, two horse-power indicated, will turn 
three gins 40 inches wide. The space occupied by each 
gin will be 5 feet by 2 feet 10 inches ; packed in two cases 
tiiey will weigh 7f cwt., and measure 30 cubic feet. 

The yield of clean cotton from seed cotton per each 
gin will be from 20 to 25 lbs. per hour ; the better the 
quality of cotton, the greater will be the product. K 
the yield is 26 lbs. for Surat cotton, for Dharwar New 
Orleans it will be 36 lbs. per hour. In Guzerat one 
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native clmrka, worked by two men, turns out 12 lbs. 
clean cotton and 24 lbs. seeds in a day. 

Gios made at the Dharwar government factory, fitted 
with saws imported from England, cost about 173 rupees 
with 18 saws ; for a gin with 10 saws, 100 rupees, which 
requires eight men to work it, and produces 200 lbs. of 
dean fibre per day. 

It is not denied that at times the saws cut up the 
staple so badly that, notwithstanding the superior quality 
of Dharwar cotton, no higher price is realised than for 
the ordinary indigenous cotton. The Macarthy gin is 
adapted for cleaning cotton either short or long stapled, 
while the saw-gin is applicable for long stapled cotton 
only. 

There is no doubt that by the use of the Macarthy 
gin the 8eeds are separated without in the least injuring 
the fibre, whereas with a saw-gin, even in long stapled 
Dharwar cotton, the condition of the fibre is not so 
perfect. Samples of cotton, cleaned by the Macarthy 
and saw-gins respectively, have been submitted to the 
Manchester Cotton Supply Association ; that cleaned by 
the former has been valued higher than the same quality 
of cotton cleaned by the latter. 

By the application to Macarthy gins of a patent 
feeding apparatus, saving has been effected in labour ; as 
one person can attend to more machines, while at the 
same time the production is also increased. The objec- 
tion to expensive leather rollers has been obviated by 
the patent fibre roller, which it is asserted possesses 
greater durability, and an uniform regularity of surface, 
though in some factories it is not at all approved. 

In America the Macarthy gin is used for the Sea 
Island cotton. It also cleans New Orleans cotton with 
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less injury than the saw-gin ; but for general purposes 
the Maearthy is not used in America, as it does a less 
quantity than the saw-gin used in the States. 

Two patent gins have been lately constructed ; and 
it has been asserted that by the peculiar action the fibre 
of cotton is protected from the tearing action of the 
saw-gin, and that the full length of the staple is taken 
off neatly ; but these patent gins have not been yet 
tried on a large scale in a ginning factory. 

Plan A of the cotton ginning factory shows the ar- 
rangement of fifty gins, the way the gins are driven by 
power derived from the steam-engine, and the room 
where the seeds fall from the gins during the process of 
cotton ginning. The engine and boiler are placed at the 
end of the main building. The gins may be driven 
from below, as shown on plan, or from top. In the case 
of a small fectory of 25 gins, the plan of driving the 
gins direct wiU be preferable. 

At the important cotton centre of Broach, in Guzerat, 
one of the ginning companies established is the Yictoria 
Company, which works 80 double-action Maearthy 
gins, driven with engines of 26 horse-power. On an 
average, 62,000 lbs. of seed cotton or kuppas are 
cleared here every day. The Moffdssil Company works 
74 gins of the same description, with two engines of 
16 horse-power each. The Anglo-Indian Company's 
factory contains 70 gins, Maearthy, with two engines 
of 25 horse-power each. There is another with 80 gins, 
driven by a 30 horse-power steam-engine; besides, 
other new gin factories have been projected, as they are 
paying so well. At Yerumgaam, in the establishment 
of the Guzerat Company, there are 80 Maearthy gins 
worked by two engines of 20 horse-power. Each gin 
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cleans 200 lbs. cotton daily. At Omrawatee the Moffnssil 
Press Company works 80 Macarthy gins, and turns out 
16,000 lbs. of cleaned cotton in ten hours, as stated in 
official reports. 

The profits to be realised from ginning cotton by 
machinery with recent improvements may be judged 
£rom this fact, that two enterprising Europeans built a 
cotton ginning factory at Broach, commenced working 
during the season of 1865, and realised a profit of more 
than 35 per cent, on the capital laid out. The field 
for introducing improved gins worked by steam-power 
is so extensive, that it may be safely calculated that 
the profits on the average, under good management, 
will not be less than 15 per cent. 
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Britain. The import of the raw material into Liver- 
pool was limited to a few bales. The first cotton mill 
that was built in England was so pmall and primitive 
that the machinery was turned by two asses walking 
round an axis; it gave employment to ten girls. The 
application of an admirable and simple contrivance by 
Richard Arkwright, of rollers for disengaging and 
laying parallel the cotton fibres, formed the basis of 
spinning machinery. Arkwright, Hargreaves, and 
Crompton were virtually the founders of the cotton 
manufacture, seeing that they determined with wonder- 
ful skill and ingenuity the principle of almost every 
machine now found in cotton mills, by successive improve- 
ments in which the production of yarn has increased 
three hundred fold. Arkwright's first mill was built in 
1771, and was driven by water-power ; but in 1790 James 
Wattes steam-engine was substituted, and, by its regular 
uniform motion, greatly improved the processes and im- 
parted new life to the cotton manufacture. What had 
been a domestic occupation was now carried from cottages 
to factories, and conducted in one series of operations 
upon better mechanical principles and at less expense. 
Larger establishments were subsequently formed ; the 
workmen were obliged to be more regular in their 
attendance, earned more wages, and lived better. 

Lnprovements were also introduced in weaving. On 
the weaving loom, in 1800, the most industrious work- 
man could produce in a week of sixty hours no more 
than four pieces of cotton cloth ; whereas with the im- 
proved loom twenty-six pieces of the same fabric were 
produced, and that at a much less cost in working. 
But the important advantages of sizing and weaving 
by steam-power were not at once recognised. In 
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1813 there were no more than 2,400 looms worked 
by steam, but in seven years the number increased to 
14,000, in 1830 to 60,000, in 1833 to 100,000; 
while the number of looms now working in Great 
Britain is more than 400,000. By the invention of 
the "loose reed," the loom for weaving cloth was 
worked with one hundred per cent, more speed than be- 
fore ; by the taking-up motion the cloth was rolled 
after being made ; and by the use of change-wheels 
any number of picks in one inch of cloth could be put 
in with the greatest nicety and by self-acting mecha- 
nism. From 1830 to 1860 the productive power of 
cotton machinery made wonderful progress ; this pro- 
gress is kept up and will be continued in Great 
Britain, by the keen competition to make the machi- 
nery as self-acting as possible, and to increase the pro- 
ductive power as well as the quality. The improved 
machinery has given such an impetus to the trade, and 
now such immense quantities of yam and goods are 
produced, that the whole population of the world would 
scarcely be able to spin and weave it by the use of the 
old hand-spindle. 

According to the latest official returns, in the year 
1861 there were more than 2,470 cotton mills in Great 
Britain; since then factories have been built with 
astonishing rapidity. T. Bazley, Esq., M.P. for Man- 
chester, in an article in the ExchangCy calculated ap- 
proximately that the spinning spindles existing in the 
trade in the year 1863 were 32,000,000 ; and the gross 
capital invested by Great Britain in the manufacture, 
directly and indirectly, at eighty million pounds sterling. 

The persons engaged in the manufacture are enabled 
to contribute one-fourth part of the national revenue 
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of Great Britain, or exceeding twelve million pounds 
sterling per annum in taxes to the State* 

In 1860 Britain exported to India alone 241,978,364 
pounds of yam and cotton goods ; her total exports 
were 2,776,218,427 yards of cotton cloth, besides 
197,343,655 pomids of cotton twist and yam. The 
total declared value of cotton exports for that year 
amounted to £52,012,380, after supplying the house- 
hold requirements of its own population. The im- 
portance of the cotton manufacture may be estimated 
from the fact that in 1860 out of the total exports from 
Great Britain, 40 per cent, consisted of cotton goods 
exclusively, 20 per cent, of three other textile fabrics, 
woollen, linen, and silk, while the remaining 40 per 
cent, included every other article of commerce. Every 
year the export of cotton manufactures increases re- 
markably ; and notwithstanding that in the year 1866 
during a great portion of the year there was a severe 
monetary crisis, its value, according to the Board of 
Trade returns, increased to £60,800,000. 

Not only in Gbeat Britain, but in almost all other 
countries in Europe, cotton mills have been built and 
fitted with the most improved spinning and weaving 
machinery. Gigantic establishments have been erected 
for making machinery for spinning and weaving cotton. 
One single firm near Manchester employs more than 
five thousand hands, to whom £250,000 are paid each 
year for wages alone. It is calculated that in it could 
be produced every week entire fittings and furnishings 
for a TMill of 20,000 spindles for spinning and looms 
for weaving cloth. 

But Great Britain has long ceased to possess exclu- 
sive knowledge and skill in the art of manufactunng 
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cotton by machinery. The progress of this manufac- 
ture in Europe will be seen by the following table : — 

Year 1860. Ko. of Spindles. 

Great Britain 30,387,267 

France 4,000,000 

Germany 2,000,000 

Kussia 2,000,000 

Austria 1,500,000 

Switzerland 1,300,000 

Italy 500,000 

Belgium 500,000 

In 1866, the number of spindles working in Great 
Britain was 36,000,000, according to Mr. Ashworth, 
who read a paper on the subject before the Social 
Science Congress ; he added that every day 10,000,000 
yards come out from English looms. 

India has reason to be ashamed that with its vast 
territories, with 200 millions of population all wearing 
almost entirely cotton fabrics, with raw material near 
at hand, with every facility in common with other 
countries for getting machinery with the latest im- 
provements from England, with labour comparatively 
cheaper than in Europe — that in such a country, and 
with such facilities, no more spindles are running at the 
present moment than are now in the poorest third-rate 
coimtries in Europe — countries where no cotton is 
produced, where machinery for working is not made, 
where skilled labour is also wanting, and where also, 
as in Russia, the climate is unfavourable, the heat being 
excessive at one time, while at another the thermo- 
meter stands very much below zero. 

The idea of a spinning and weaving factory in India 
is due, not to a native, but to a Frenchman, M. Des* 
bassyns, who was Administrator General in the French 
settlement of Pondicherry in the years 1826-28. At 
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first the French Qovenuneiit granted large mihrndiee, 
and tJiie branch of industry hae prospered in Pondi- 
oherry. In Calcutta one or two cotton factories were 
erected, but through bad management did not make 
Miy progress. In Bombay, the first cotton mill, owned 
by " The Bombay Spinning and Weaving Company," 
did not commence working till February, 1866 ; and 
though it has paid handsome dividends, the number of 
cotton mills in Bombay, which place may be considered 
the head-quartors of cotton manufacturing by improved 
machinery in India, may almost be counted on the 
fingers' ends. There are not more than twelve cotton 
factories — a less number even than that established in 
Lancashire by working men on co-operative principles. 




There is no doubt that that which impeded the 
progress of cotton manufactures in India was the rude- 
ness and tediousneus of the' modes of working. In 
several places it is still carried on by the natives with 
the rudest and cheapest apparatus, just as their fore- 
fathers did befijre them. For thousands of years no 
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improvemaot idiatev^ wns made in the srt of &bn' 
eating cotton into dotb ; wherew in England tlie im< 
proyanenia made during the last age hare bo ecraio- 
mised labour as to oiaUe one man to do the woi^ ot' 
a hondred. It has been weQ eaid that "KngTaTii^ ig more 
indebted to Arkwright and Watt fiir her triomphs 
than to TS^eUoa and Wdlington. 

The cotton mana&ctnre in India poaa c se c e elemraitB 
of the highest conunennal advantage — becanae the 
product is in d^nand orer all parts of India and China, 
the raw material is near at hand, the proceaaes of 
mana&ctnre are improving every day, and it could 
be condncted onder very advantageous conditions. It 
indicates one direction in which indostrial activity and 
commercial prosperity may be succeaafiiUy poshed. 




THE TEXTILE MANUFACTURES AND THE 
COSTUMES OF THE PEOPLE OF INDLi. 

(Eztnuila fetjm Notic«a of a Work by J. Fohbbb WiTsos, M.A., M.D., 
F.R.A.S., &c., Beporter on the Producta of India to the Secretan- 
of State for India in CounciL Printed fiir the India Office, 1866.^ 
From the Zowlen Timet, Janoaiy, 1867. 
Os no point, perhaps, in regard to India, has greater 
ignorance prevailed in England than in respect to the 
clothing ofher vast popu- 
lation. "We have heard 
and read of rich silken 
robes, and of gorgeous 
cloths of gold and silver 
tissue; and many of us 
may have seen and felt 
portions of that delicate 
filmy Dacca muslin which 
formed the envied dress 
of the belle of sixty years 
ago, or the final cravat 
which was tied so elabo- 
rately over the pad which 
encircled the neck of our 
greatgrandfather. When 
the East India Company 
traded to India, they im- 
ported some species of manufactures consigned from 
their "factories," and sold them in limited quanti- 
ties. They were rarities and luxuries, and, generally. 
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very expensive. England then received '^ bandana " 
handkerchiefs, calicoes, and some chintzes. Among 
some of the treasured hoards of ancient ladies may be 
remembered quilts called " pallempores,'' which were 
spread over beds in sunmier time; as, also, among 
gentlemen, were those real Indian " bandanas.'' But 
these did not represent Indian manufactiires, and were 
goods made up especially for the English market by 
Indian weavers. The gentlemen of India did not use 
bandanas, and even the calicoes sent to England were of 
a stouter and thicker texture than those used by the 
people of the country, and were also woven to suit 
English requirements. As to gold and silver cloths 
and tissues, brocades, the richer descriptions of silk, 
and the muslin fabrics in ordinary wear, they were not 
needed in England ; few beyond those who had seen 
them in India knew of them at all, or cared to know 
how they were woven or how used, or attempted to in- 
vestigate the native arts of spinning, weaving, and dye- 
ing — the manipulation, in fact, of products which could 
not be imitated Specimens of each fabric, par- 
ticulars of which are detailed and printed with each, 
are boimd up in 18 volumes of folio size, and of them- 
selves form valuable museums of practical reference. 
We have had an opportunity of examining these 
volumes, and foimd them, not only complete in every 
respect, but forming a collection of most beautiful and 

interesting samples of native manufactures There 

are 700 of these samples, all cut to the size of the folio 
page, showing not only the texture, but the patterns of 
centres of fabrics, with their ends and borders of silk, 
cotton, or gold thread. The number of threads in the 
waip and woof have been counted and are detailed, and 
the length and breadth of each article, scarf, waistcloth, 
piece, or whatever it may be, whether to be worn as a 
garment, or part of a costxmie, or cut into a tunic, a 
bodice, or any other portion of male or female apparel. 
.... The range extends £rom the coarsest and lowest 
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priced cotton materials up to the richest and most ela- 
borate specimens of gold and silver brocades, silks, 
satins, and muslins, plain, or figured with silver or gold 
thread. 

From the Manehetier Examiner , September, 1866. 

By direction of the Secretary of State in Council for 
India a very large, and no less valuable, collection of 
samples of native textile manufactures has just been 
forwarded as a present to the Manchester Chamber of 
Commerce. Some idea of the copiousness of this collec- 
tion can be formed when it is stated that it fills about 
eighteen volumes of two feet in length by one and a-half 
feet in breadth, and a thickness in proportion. These 
samples, which number upwards of 1,000, have been 
prepared at the India Museum, under the supervision 
of Dr. Forbes Watson, who has been engaged for some 
time past in reporting for the Government on the pro- 
ducts of India. The specimens are in cotton, silk, satin, 
and woollen, and the patterns are so classified as to re- 
present nearly all the uses, from turbans to gauze pan- 
taloons, which such textiles may be required to serve. 
The first volume is entirely occupied with turban pat- 
terns. These are of all qualities, from the common 
bleached cotton from the handloom of Bhurtpore to the 
finest texture from Cashmere. Samples in use among the 
higher classes in Sinde are given in great variety. One 
of the richest of these measures 23 J yards in length, by 

13 inches in width, and weighs only 1 lb. 2 oz 

Turbans in dyed cotton are equally well represented. 
There is one of remarkable richness, with two gold stripes 
down the centre of the principal end (extending about 
four yards). The weight of this with the necessary pad- 
ding would be 3 lbs. It was manufactured at Ooaipoor, 
in fiajpootana. In other samples of equal richness the 
colours are lai4 on with a stamp, and though padding 
has to be used in making them up, the weight, all told, 
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is less than 7 oz. The costliest specimen of all is from 
Madras. In this sample the material^ which is a mix- 
ture of silk and cotton, is fringed with gold thread. 
Others have deep gold borders, and are valued in some 
cases as high as £4. The assortments for men's gar- 
ments are very nxmierous. In most of these samples 
the two pieces are woven as usual in one length, with 
a " fag " between, to permit of their being readily sepa- 
rated. The longer portion is worn round the body, and 
the shorter one over the shoulders. The length of the 
longer is from 4 to 6 yards, that of the shorter from 2^ 
to 4 yards, the average width being about 1| yard, and 
the price according to material. Cotton of fine light, 
texture, and of the above dimensions, is set down at 
£1 10^. the garment ; and, if common texture, the price 
is from 3^. upwards. Samples of cotton worn by the 
Lubbays, an industrious class of fishermen and Maho- 
metan "merchants" on the Madras coast, are shown 
from 2s. 7id. to about 10s. ; unbleached ditto, from 
Is. 3d. ; boys' ditto, length 1 yd. 3 in., width 19 in., 
and weight 2 oz., appears to be so low that it is not 
priced at all. Vol. III. is chiefiy composed of scarf pat- 
terns. Some of these are exceedingly bright in colour, 
being woven in half- widths, with a border on one side ; 
two of these are afterwards sewn together so as to form 
a complete scarf, with a border on each side. The 
highest-priced sample is one which costs nearly £8. 
Some are in silk, others in silk and cotton, others 
(cotton) with silk borders and ends, and they show an 
endless variety in colours and quality. There are also 
samples of the " dhotee," a kind of scarf worn round the 
loins. The volume ends with samples of cotton kess, a 
coarse material used by the natives as a covering for 
themselves as well as for horses. The length of one of 
these samples is 3 yards 12 inches, width 46 in., weight 
2 lbs. 2 J oz., and price 3^. 6d. Fabrics for domestic use 
include samples of cotton palempore, or bed-cover, from 
Bengal ; these vary in price from 2s. 6d. to 6^., and 
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show great ingenuity of workmanship. Among the piece 

goods are samples of cotton print known as chintz 

There are samples of the tent, railway, or sleeping rug. 
These are from Upper Assam, and weigh from 6 lbs. to 
7 lbs. The Sepoy " regulation rug,'' of which also there 
are many specimens, appears as £f it would wear for a 
century. Some of these are from Madras and others 
from Bengal. The "regulation '* price is 2^. The pieces 
for women's clothing show a dazzling variety of colour. 
Crimson, puce, green, aad pink are blended in true 
barbaric splendour. Some of the finest muslins for 
scarfs weigh only 6 oz. for 10 yards in length, and 1 ft. 
4 in. in width. The price of these is from £1 upwards. 
The chief place of their manufacture is Madras. The 
silk tartans from Tanjore form also a conspicuous collec- 
tion. The kincobs, mushroos, and silk brocades appear 
to carry decorative manufacture almost to its height. 
The kincobs, which are of satin, and used for ladies' 
petticoats, are adorned with gold flowers. These wares 
are principally from Trichinopoly, and cost from £3 to 
£5. The brocades, with flowers of white silk, are from 
the Deccan, though bought in Madras. The mushroos 
have a silk surface, with a cotton back, and also bear 
loom-embroidered flowers. These latter samples cost 
about £2 for 5 yards in length by 30 in. in width, the 
weight being about IJ lb. Most costly samples are 
massively flowered in gold, with silk stripes ; and others, 
yet costlier, from Hyderabad, show a marvellously strik- 
ing arrangement of colours, in wavy stripes of rich yellow 
and gold with pink and white. The silk for trouserings 
is of the thinnest and lightest texture. Nine yards of 
it weigh scarcely so many ounces. Textiles of similar 
fineness are shown in gauze. 



COTTON SPINNING FACTORY. 

MANCFACTURING PROCESSES. 

(1.) Cotton Opener. — At one end of this machine 
cotton is spread upon an apron made of a series of thin 
narrow wooden bare £xed at their ends to two strips of 
leather. The cotton is conveyed to a pair of fluted 
rollers, and then to a series of revolving cylinders 




famished with rows of teeth, making more than a 
thousand revolutions per minute; the teeth seize the 
cotton and draw the locks apart. The dust falls within 
the casing, and is carried by a self-acting fan to the 
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dust-room outoide the mill. The cottoD, after being 
opened and cleaned, falls out at the other end of the 
machine. 

(2.) Scutching and Lapping Machine. — In this there 
is an arrangement for feeding a regular supply of cotton, 
which passes to the feed rollers, then to a set of toothed 
cylinders, then to a second and third set, revolving at a 
Ugher rate than the first, by which the fleece of cotton 
becomes reduced to one-third the thickness as first 
supplied to the machine. The next operation in the 




same machine is to foim the fleece into a roll or lap. 
By passing it to four calender rollers, the fleece receives 
three compressions, and is formed into a kind of felt, 
which winds itself upon an iron rod; this rod is removed 
when fuU, and is replaced by another. 

(3.) Carding Engine. — The cotton laps are placed at 
the back of this machine, where the fibres are combed 
and straightened, and certain very slight impurities 
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r^noTed wliicli otherwise would g:ive ronghnesa to the 
yam. The carding engine combines self-stripping dirt- 
rollerB, a main cyLmder, with other rollers and clearers, 
the surface of which is covered with fine wire brush 
cloth. Ab these rollers and cylinders rotate in omwsite 
directions, the cotton is seized by both sets of te^h, one 




pulling one way, and the other the other. The fleece 
of downy cotton, which is now transparent, is detached 
by a blade, then contracted within a funnel, passed 
through rollers, and received in the form of a riband 
in a revolving can. 

(4.) Drawiiu} Frame. — ^In this frame six or more ends 
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of cotton slivers or ribands from the card-cans are 
passed througli four pairs of rollers, revolving at different 
speeds, the speed of the front and that of the back pairs 
being as one to six. The result is that the slivers are 
drawn out to six times the original length, forming a 
single web, wliich is passed to and deposited in a revolv- 




ing tin can. The centres of the rollers in this frame 
are adjusted to suit the length of staple of the cotton 
fibres. The cotton as it leaves the drawing frame is in 
the form of a loose, porous cord, the fibres of which are 
parallel. 

(5) Sbibhiiig Frame. — By passing through the rollers 
in this frame, the loose porous cord is further increased 
in length fivefold. In front of the machine are spindles 
in a double row. The spindle is a round steel rod with 
two arms or flyers, which fit to the top. Upon these 
spindles hollow tubes of wood, called bobbins, are 
placed. The two revolve at different rates. The cotton, 
as delivered from the rollers, is partially spun or twisted 
by the revolution of the spindles ; it passes through the 
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hollow lege of the dyers, and is -woond upon the hobhiuB 
or wooden tubes. 

(6.) Intermediate Frame. — The bobbins from the Blub- 
bing frame are taken to the back of the intermediate 
frame. Two ends from two bobbins are then doubled 
by passing through another series of rollers, and join- 
ing, drawii^, twisting, and windiug them upon smaller 
bobbioB. Tne intermediate frame operates in the same 




manner as the slabbing frame. In mills where the 
Tarn is not intended to be made of a superior quality, 
it is sometimes dispensed with ; but in spinning throstle 
yam, the intermediate frame is essential. 

(7.) Booing Frame. — The bobbins from the last frame 
are brought to this machine, where the cotton is passed 
through rollers, twisted, and finally wound upon still 
smaller bobbins. To ensure a regular winding upon 
the bobbin, a preseer is attached to the lower end of 
one of the flyer legs, and it is through a hole in the 
outer end of this presser that the roving passes in 
being wound upon the bobbin. The duty of the hands 
who attend these frames consists in joining any sliver 
that may break, removing the fidl bobbins, replacing 
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empty ones, and stopping the machine for these pnr- 




(8) Throstle Frame — The rovmg bobbina in this 
machine are placed on the top and the roving passed 



T*f^, 




through three pairs of rollers. The rail has an np-and- 
down motion ; the small bobbin is moved up and down 
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tte spindle, past the eyelet of the flyer, and the yam is 
distributed equally upon it on winding. The yam 
made on this macnine is called throstle yam, or water 
twist, which, being twisted hard, is used generally for 
warp. The throstle is used for " 30'b " and downwards 
— Bometimes for " 40's," but not for a higher or £ner 
number. 

(9.) Self-actiTw Mule. — This machine operates at the 
same stage aa the throstle, but producing a different 




kind of yam. It consists of two principal parts. One 
is stationary, containing the rovings, the rollers for the 
elongation of the yam, and wheel-work for governing 
the general movements. The other part consists of a 
carriage upon an iron rail, which holds the spindles, and 
traverses about five feet backwards and forwards. The 
yMH uncoils itself from the spindle down in a conical 
form called a " cop." Every movement in this ma- 
chine is automatic. The mule is applicable for spinning 
principally weft, and also what is called " mock water," 
and any number could be spun. 
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(10.) Reels — When yam is ntrf required for weaving, 
in the fectory but intended for sale then it is reeled 
on these machines either from the throstle bobbins or 
mule copa and wound off mto measured lengths of 840 
yards each called hankx The reel itself is six-sided, a 
yard and a half in circumference on which the yam 
winds ; when it has completed eighty turns a chedi is 




sbTick, showing tiiat a rap of 120 yards has been 
formed. Seven of these make a hank of 840 yards. 
The girl who minds this simple machine ties the nanks 
round, slips them off, and proceeds to wind another set, 
(11.) Bundling. — Tarn is sold in hanks, each con- 
taining a Iraigth of S40 yards. However fine the yam 
may be, the same length is made to the hank, so that 
the quality or fineness is indicated by the number of 
hanks which make a pound in weignt. Number 20 ' 
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water troist means a coarse yam of twenty hanks to 
the poaud. Tkroetle yam, as just mentioned, is called 
wat«r twist, and is used for foarp or loagitudinal threads 
of cloth ; whereas mule yarn is used for weft or cross 
threads. In the buDdLing press a bundle of ten 
poonds is formed. Thirty of these, pressed in an hy- 
draulic press, form a bale of 300 pounds for the Bombay 
market ; for other parts of India and for China fifty 
bundles of ten pounds each are made into a bale. 
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MAKUFACI-UKING FKUCESSES. 

(1.) Winding Machine. — ^Wien the yam is not in- 
tended for Bale, but ia made for wearing into cloth in 
the same factory, then the warp yam is brought to the 
winding machine, where the threads are unwound, and 
passed through minute slits, sufficiently wide to admit 
the thread so long as it is of proper thickness, but in- 
tercepting the thick parts. The threads are also passed 
through brushes, which clear them of dirt. Then the 
yam is laid on bobbins, and there is an arrangement by 
which the bobbins can be filled up in any form. 



eOTTOM WEATIKQ FACTOBT. *» 

(2.) WarptTig Maehine.~-ThiB ia used for the pur- 
pose of winding the yarn or thread from bobbins on to 
beams, and to lay the threads alongside of each other 
in one parallel line. It has an arrangement by which 
undue tension is avoided, and breakages thereby ob- 
Tiated ; but if a thread breaks, it is easily discovered 
and reunited. One of the oldest methods stiU practised 




in India and China is to draw out the threads in the 
open fields. It is a very primitive process, no doubt, 
and is not at ail countenanced in Europe uow-a-days. 

(3.) Sizing Machine. — As the threads in weaving are 
subject to considerable friction, it is necessary to give 
them a dressing of size or paste, which is done in this 
machine. The threads from six beams are all run 
together into boiling size, and passed between squeezing 
rollers, which press the size into the thread and 
strengthen it considerably. Then the yam is dried by 
passing it over drying cylinders ma,de of copper or sheet 
iron, and heated by steam-pipes. The yam is finally 
wound uniformly on weaver's beams, and as the roll 
enlarges, the drug on the yam is equalised. 
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(4.) Looms. — The beam of itxirp yam ia placed on the 
loom for weaving cloth, and each thread ie passed 
through the teeth of an inBtrument called the reed, 
whicli IB set in a movable STing-frame. One set of 




threads is raised and flie other dqp ro w o d, so as to 
make an opening or shed from one side of the warp 
to the other. In this opening a boat-shaped piece 



^^ 



of wood, called a shuttle, containing in its hollow the 
weft yam, runs freely to and fro. 'Hie waft passes out 
from a bole as the shuttle moves along (more than 180 




times a minnte), and the weft thread is driven in. 
Each cast of the shuttle adds to the woven fabric by tbe 
breadth of a thread. As the weaving proceeds, the 
finished cloth winds itself upon a cloth beun. 
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(5.) Folding Machines, or Plaiting and Measuring 
Machines, dnven by steam power, measure the cloth 
and lay it in folds after it comes from the loom, with 
tie greatest regularitj- and precision, and effect a saviug 
as compared with the old hooking system. The hy- 
draulic press is used for pressing the cloth and making 
up into bales, the sizes of which vary according to the 
requirements of different countries. 
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ESTIMATE FOR A COTTON SPINNING FACTORY OF 

10,640 SPINDLES. 

Machinery m shown on Plan B. 

£ 

2 Opening machines, with 1 and 3 cylinders and fians. 

I scutcher and lap machine 260 

14 Patent automatic cauding engines, 40 inches on the 
wire, with cylinder stripping apparatus and x)atent 
doflfer comb, 7 rollers, 6 clearers, coiler and can motion. 
(If the cards are ordinary, more than 20 will be required.) 980 

3 Drawing-frames — 1 of 3 heads and 4 deliveries, and 2 of 

3 heads and 6 deliveries each ; 4 rows of rollers, coilers, 

and stop motions 370 

3 Patent slubbing-frames, 46 spindles each, for bobbins 

10 X 5 310 

6 Intermediate frames — 2 of 46, and 4 of 64 spindles each, 

bobbins 10 X 6 and 10 X 4J . . . . . . 706 

8 Roving-frames, 104 spindles each, bobbins 7X3^. . 998 
12 Self-acting mules, 672 spindles each, with double-boss 

rollers, backshafts, driving apparatus, complete . . 1,780 
10 Throstles, 200 spindles each, top and under clearers, 

complete 768 

4 Throstle and 16 mule reels, 3 bundling presses, and 1 

hydraulic press. (Packing and free delivery included.) 790 
1 Pair of horizontal compound steam-engines, high-pressure 
cylinder 18 J in., low-pressure cylinder 30 in. diameter, 
stroke 6 feet, with steam jackets, fitted with apparatus 
for cutting-oflf steam at different portions of the stroke, 
with air-pump, condenser, plates for bottom of engine- 
foundation, and with several improvements not to be 
found in ordinary engines. (Without improvements the 

cost will be about £300 less.) 1,600 

3 Wrought-iron boilers, 26 feet long, 6 feet diameter, made 
of Sie best Staffordshire plates, complete, with steam- 
pipes and safety-valves, water and steam gauges, with 

duplicate articles 800 

Green's economiser, 96 pipes, with scrapers and spare pipes 340 



Carried forward . . . 9,682 
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£ 

Brought forward . . . 9,582 

Moor-'beams for engine-house, hand-rails, ornamental pillars 
for cranks, brass injectors, valves and pipes for connec- 
tion with wells and reservoirs outside, &c. . . .150 

Mill-gearing, consisting of wheels bored, turned, grooved, 
and fitted, with 300 feet of shafting in several lengths 
as per plan, 115 self-lubricating pedestals, wall-boxes, 
brackets, fluted columns, axle drums, pulleys, heavy 
girders for blowing -room, cotton steam -hoist, iron 
staircase, iron sliding-doors, doors for entrances and 
warehouse, and all necessary duplicate articles, including 
packing and delivery 1,500 

Tools for mechanics' shops, including a lathe, bed 13 feet, 
drilling-machine, set of drills, set of taps and dies, driv- 
ing ta^e, &c., including x)acking 175 

Ironmongery, including wrap-reel, scales, roller-covering 
apparatus, roller-ending machine, assorted files, hanmiers, 
vices, chisels, pliers, bellows, emery-cloth, spirit-levels, 
fillet tacks, &c . 200 

Strapping for driving all machinery, laces, roller-skins for 

covering rollers, roller and clearer cloth, &c. . . . 450 

Card-dothing, for main cylinder, dofier, take-in rollers, 

strippers, and clearers 148 

Bobbins for slubbing, intermediate, roving, and throstles; 
creel-pegs, &c., painted and varnished, and made out of 
solid timber weU seasoned, including 25 per cent, extra 330 

Tinwork — ^including 2 oil cisterns of 200 gallons, with taps, 
drainers, indicator; cans for shafts, cards, and other 
machinery 98 

Firebricks for boilers, if required 100 

Miscellaneous articles, including grinding-machine for cards, 

card and other brushes, bandmg for throstles, felt, &c. . 222 

£12,955 
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ESTIMATE FOR A COTTON WEAVING FACTOBY OF 

200 LOOMS. 

Machinery aa ahovm on Plan C. 

£ 

2 Winding machines, 200 spindles each, arranged to wind e^eF 

from mule cops or thrc^e bobbins, complete . . .135 

3 Warping machines, for 500 bobbins each, with indicators, creel 

pegs, stopping, reversing, and measuring motions, &c . 60 
Sizing machine, with copper rollers, creel with 6 beams, copper 
drying-cylinders, size box, conden£dng boxes, expanding 
and contracting lathe, &c 170 

100 Looms to weave calicoes, shirtings, printing cloths, &c., 40 

inches wide in the "reed space," with self-acting fluted 

roller temples, weft-stopping motion, positive te^dng-up 

motion, break, complete with all improvements, either fiu^ 

. or loose reed 950 

100 Looms, 35 inches reed space, in every other respect similar 

to the above 900 

1 Folding machine, 1 cloth press, 4 looming-frames, 2 drawing- 

in-frames, 1 patent heald knitting machine . . .129 

All extras and accessories, including yam beams and flanges^ 
boxwood shuttles, weft cans, dressers, flannel, boblmis, 
combs, sets of heaJds, &c., wiUi packing and iroQ delivery 
onboard 828 



£3,172 



Note. — If the looms are not driven by the engine shown on Plan B, 
a 15 horse-power engine will be required, which, with boiler, shafting, 
&c., will cost about £1,000. 
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SUMMLAEY OF ESTIMATE FOR COTTON SPINNING 



FACTORY. 






A 


Cotton spinning machinery . 
Steam-engines, boilers, gearing, &c. 
Tools for mechanics' shop 




£ 

6,942 

. 4,290 

175 


Ironmongery 

Strapping .... 

Card-clothing 

Bobbins .... 








200 
450 
148 
330 


Tin-work .... 








98 


Firebricks .... 








100 


Miscellaneous 




K 




222 



£12,955 
(See " Remarks on Cotton Spinning and Weaving Factories.") 



SUMMARY OF ESTIMATE FOR COTTON WEAVING 

FACTORY. 

£ 

Cop-winding machines 135 

Warping machines 60 

Sizing machine 170 

Looms 1,850 

Folding machine, &c 129 

Extras and accessories 540 

Packing and delivery 288 

£3,172 
(See ^* Remarks on Cotton Spinning and Weaviog Factories.") 
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DIMENSIONS OF COTTON FACTORIES. 

Plan D, 

or B and C plans, of spinning and weaving combined as one plan, 
containing 2,000 throstle and 8,064 mnle spindles, and 200 looms. 

Scale : 60 feet = 1 inch. 



:l 



Front wing, for blowing- 
room, engine-house, 2 en- 
trances, mechanics* shop, 
with upper story . . . 

Side wing, for preparation 
machinery and throstles 

Side wing, for self-acting ) 
mules ....:..) 

Intermediate wing, for pre- 
paration machinery for 
weaving .... 

"Wing for 100 looms . 

Wing for 100 looms . 

Boilers and economiser 

"Warehouse .... 



Lei^tth, 
feet. 



Breadtb, 
feet. 



125 

165 
165 

125 

105 

105 

40 

32 



35 

65 
65 

35 

42 
42 
32 
20 



Square 
feet. 



4,375 

10,725 
10,725 

4,375 

4,410 

4,410 

1,280 

640 



Height, 
feet. 






20 

12 
12 

10 

10 
10 
10 
14 



Cubic 
feet. 



87,500 

128,700 
128,700 

43,750 

44,100 

44,100 

12,600 

8,960 



Total of square feet and cubic feet 40,940 



498,410 



Plan E, 

containing 4,752 throstle and 5,184 mule spindles, and 150 looms. 

Scale : 40 feet = 1 inch. 

Total length, 272 feet, 
breadth, 148 „ 
height, 12 „ 
square feet, 40,256. 
cubic feet, 483,072. 






(See Note on Cotton Factory Plans, p. 65.) 
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EEMARKS ON COTTON SPINNING AND 
WEAVING FACTORIES. 

There is no country in tlie world where tlie popula- 
tion exceeds in number that of India or China. The 
natives are almost entirely clothed in cotton, and the 
clothing consists generally of coarse fabrics. The 
quantity consumed per annum has been estimated from 
6 to 20 pounds per head of population. Now, taking 
only India, with a population of 200 millions, and an 
average consumption per head of population no more 
than 3 pounds, the annual consumption would amount 
to 600 million pounds, quite irrespective of China and 
other parts of Asia. To supply this very extensive 
demand of cotton goods for the teeming millions offers 
a field of vast industrial enterprise, in a country where 
the raw material is produced, and where labour is 
cheaper than in Europe. No other branch of industry 
offers so much scope for investment of capital as cotton 
manufactures in Asia. By manufacturing with im- 
proved machinery on the factory system, rather than 
with rude implements, the comfort of the millions 
would be greatly promoted. 

The principal use to which Indian cotton was put in 
cotton mills in England, before the American war, was 
as a mixture with American cotton. But now Indian 
cotton is mixed with every variety. In spinning fine 
numbers^ for which the demand is very limited, there 
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are some obstacles; but in spinning coarse numbers, 
and weaving them into cloth adapted for India and 
China, there is no difficulty. During the cotton famine 
in England the Manchester Cotton Supply Association 
obtained from numerous English spinners a large 
collection of yams, ranging from No. 4's up even to 
No. 70's, all guaranteed exclusively from East Indian 
cotton. A quantity of cloth manufactured from 
Broach cotton was bleached, dyed, and printed by some 
of the principal houses in the trade, in styles ranging 
from a single colour to a twenty-colour machine fur- 
niture pattern, which proved the capability of Indian 
cotton for the production of goods of a quality for 
which the demand is so extensive not only in India and 
China, but in almost all parts of Asia. 

In the Bombay Presidency the demand is chiefly for 
No. 20*8 mule and water twist; while in Madras, 
Calcutta, and China, it is generally 40's mule yarn. 
In some mills in Bombay No 40's is spun from In- 
dian cotton regularly. For weaving calicoes No. 32's 
is a common sized yam. For candle-wicks and coarse 
counterpanes, such low numbers as two hanks to the 
pound are also manufactured. 

Machinery for which the estimate is given is adapted 
for spinning yam from No. 20's to 40's. 

Plan B of the spinning factory shows arrangement for 
little more than 10,000 spindles. At Ahmedabad a mill 
was started with only 2,600 spindles; in Bombay in 
two cases with 5,000 spindles ; but to work with full 
advantage, 10,000 spindles ought to be the least number 
in a factory — the more the better. 

The steam power required for driving the machinery, 
according to the Arm who made the engines for the 
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Arkwright Mill, is that a nominal horse power will 
drive 200 throstle spindles with preparaticm ; or 400 
mule spindles and preparation ; or 20 looms ; the 
engines indicating, when fully loaded, four times their 
nominal power, spinning and weaving medium numbers. 
But it wiU be a wise provision in every factory to have 
more driving power than less. 

Production from the spinning machinery for which 
the estimate is given, and shown on plans B and D, in a 
week of sixty hours : — 

8,000 mule spindles, spinning No. 40's 5,000 lbs. 

2,000 throstle spindles, spinning No. 20's 2,000 lbs. 

The higher or finer the number of twist, the less the 
production will be. The self-acting mule can be made 
applicable both for weft or cross threads and warp, or 
longitudinal threads of cloth; but the warp in mule 
not being so hard twisted as in throstle spinning, there 
is an advantage in throstle over mule warp in weaving, 
particularly T cloths and long-cloths, but not much 
in light goods. Throstle spinning requires nearly 
twice the amount of steam-power to drive it as mule 
spinning — ^while a mule requires much more space than 
a throstle, which will be seen at once on the plans ; so 
that there is hardly any advantage in throstle over 
mule spinning. 

The cost of spinning yam in Bombay is just the same 
as in a cotton mill in Lancashire, for No. 20*8, which 
is the principal number in demand in the Bombay Pre- 
sidency. The waste in working Indian cotton, when not 
properly cleaned, is, on the average, about 20 per cent., 
more or less, according to the class of cotton used ; in 
American cotton it is a little less. 

Looms and other machinery for weaving yarn into 
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cloth, for which the estimate is given, and shown on 
plans C and D, are adapted to weave shirtings, prints, 
Madapollams, T cloths, and other cotton goods in 
most extensive demand in India and China. The counts 
of yam most used for weaving this class of piece-goods 
are 24'8 warp and 32's weft. 

The quality of cloth is ascertained with some precision 
generally by a small magnifying glass, by counting the 
number of threads in a given space. 




The only changes of pattern which can be readily 
produced by plain weaving are stripes or checks — the 
former generally depending upon the colours of the 
warp, and the latter upon the colours of both warp and 
weft. Thus, stripes in the direction of the cloth may 
be produced by using warp of various colours, or a warp 
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composed of threads of different sizes and substances ; 
stripes across the web may be formed by using shuttles 
containing various colours and substances; checkered 
patterns, by varying both warp and weft ; and figures, 
to a certain extent, by raising and depressing alternately 
certain portions of the warp. Twills are formed by 
causing the thread of the weft to pass alternately over 
four and one of the threads of the warp, and per- 
forming the reverse in its return. 

The Wages in England, in the cotton factories, for 
the men who mind the mule spinning, are from 20^. to 
26^. ; the boys earn, according to their age, from 65. to 
145. per week. In the weaving department, the winders 
earn about 25^. per week ; and the weaver, generally a 
woman, who attends two or sometimes three looms, 
earns from 12^. to 14^. per week. Except in a few 
cases, the wages to the hands are paid according to one 
standard list of prices, and in proportion to the amount 
of work they turn off. This system has been very 
lately introduced into Bombay mills, only in weaving, 
but ought to be introduced in the spinning department 
as well, as it is a great stimulus to the hands to work 
steadily. In the Bombay factories, the adult hands 
receive from 10 to 12 rupees ; boys and girls, from 4 
to 8 ; and the women, from 6 to 8 rupees per month. 
Labour in Bombay is dearer than in other parts of 
Asia, where in some places it is 50 per cent, lower. 

The capital required for the spinning mill of 10,000 
spindles as per approximate estimate of machinery 
amounts to £12,955, to which add for freight and 
insurance about 15 per cent., and for erecting machi- 
nery about 10 per cent. For mill-house with iron 
roof, galvanised sheets, glass windows, two rupees per 
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square foot, more or less according to the prioe of 
building materials and wages at the place where it 
may be intended to build the fsMstory, and of which 
an exact estimate may be made fiom the dimensions 
given of the plans of factories. For the spinning 
£Etctory, including dead stock, &c., a capital of £30,000, 
and if it be intended to add 200 looms at the same 
time, a capital of £40,000, will suffice for all ordinary 
purposes. 

Pro/its. — ^The first mill that commenced working in 
Bombay was that of ** The Bombay Spinning and 
Weaving Company," with a capital of 500,000 rupees, 
divided into shares of 2,000 rupees each. The following 
is the official memorandum of profits derived by that 
Company, the manager of which, a Parsee gentleman, 
receives a clear commission of 5 per cent, on the 
proceeds of yam sold ; a due reward in this case, as he 
was the first to introduce cotton spinning into Bombay 
with improved machinery ; and which good example 
has been followed, though slowly, but on the whole 
with success, by the establishment of a dozen com- 
panies for cotton spinning and weaving. 

DIVIDENDS PAID BY THE BO^IBAY SPINNINa AND 

WEAVING COMPANY. 



When paid. 



Dec., 1858 
June, 1869 I 
Dec., 1859 ! 
Dec., 1863 1 
June, 1864: 
June, 1865 



Dividend. 


Capital. 


Amounts of 
Dividend. 




£8. 


£fi. 


First 


500,000 


600 


Second 


tf 


400 


Third 


ft 


600 


Fourth 


ti 


690 


Fifth 


550,000 


700 


Sixth 


» 


400 



Remarks. 



Commenced work- 
ing February, 1856. 

From 690 received 
back R8.500 to in- 
crease the capital. 



Bombay, X7th April, 1866. 



Dadahoy Pestanjsb, Secretaiy. 
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Another estabKslunent, whicli was organised in the 
year 1861, and called " The Bombay TJnited Spinning 
and Weaving Company,'* with a capital of 900,000 
rupees, has declared dividends as follows : — 

10 per cent., first dividend for the half year ending June, 1863. 

20 per cent., second dividend for the half year ending December, 1863. 

12 per cent., third dividend for the half year ending June, 1864. 

12 per cent., fonrth dividend for the half year ending December, 1864. 

No dividend for the year 1866. 

12 per cent, for the year ending 1866. 

"The Bombay Alliance Spinning Company," during 
the six months ending 1866, made a profit of £16,491 
on their paid-up capital of £125,000. 

Regarding Bombay cotton mills, at a meeting of 
the Directors of the Manchester Chamber of Commerce, 
held in April, 1867, one of the directors, Mr. Cassels, 
read a letter from his firm, as follows : — 

" Bombay y March, 1867. 

"The longcloths, T cloths, and domestics produced 
by these concerns have been gaining in favour with 
consumers in all districts where they hat^e been selling 
during the last two or three years, and are now pre- 
ferred to Lancashire makes of the same class, mainly 
because the former, although a rougher, is an honest 
article, and wears better than the latter. Experience 
has taught the natives that, owing to the extent the 
majority of your manufacturers have been adulterating 
their cloth with size of late years, Lancashire cloth 
deteriorates very much in the first washing. Of the 
total quantity of these goods sold in the Bazaar, from 
50 to 75 per cent, are of local make. All the Bombay 
mills are working full time ; and, as they can sell their 
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productions at paying rates faster than they can 
manufacture, they are making good profits. 

(Signed) "Peel, Cassels, & Co." 

The losses which some of the Bombay cotton mills 
have suffered in 1866-66, were from taking large 
advances from banks at a very heavy interest, accumu- 
lating yarn and goods from month to month, and then 
seUing them at a much lower price than in the first 
instance. 

It must be borne in mind, that as in every other trade 
and profession, so in cotton mills and all other factories, 
the profits and losses will fluctuate more or less accord- 
ing to the price of raw materials and manufactured 
goods, to good management, and so on. But on the 
whole, investment of capital in factories will be as safe 
as any other, and less liable to fluctuations than bank 
shares, or shares of reclamation companies. 
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Four plans, marked B, C, D, and E, of factories for spinning and 
weaving cotton, have been given ; and, though necessarily reduced to 
a small scale from large plans, will answer all the purposes, as showing 
the disposition of machinery, the way the machinery is driven, and 
also the space the buildiiigs for factories will occupy. 

B. Plan of Cotton Spinning Mill for 2,000 throstle and 8,064 mule 
spindles, and the other necessary machinery for working it ; for which 
the estimate has been given. — All the machinery is placed on the 
ground floor. In this plan some important improvements have been 
adopted, suggested by actual experience, and which have been intro- 
duced in almost all the other plans of factories contained in this work. 
The principal feature is this : that instead of one building, the mill is 
divided into separate wings, but still connected with one another. The ex- 
treme breadth of the wings is 66 feet, but that is an exception — ^in several 
cases it is only 30 feet, and even less. The light in the mill is derived 
solely from «tit& windows inserted in the side walls. In the mills erected in 
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i>ombay this is not the case. There the light is entirely from to^ windows. 
The main advantage of the adoption of wings is, tiiat the mill being 
lighted by side windows iaxnng each other, and not from the roof, the 
expense of several thousand feet of glass windows absolutely required 
for the mills as erected in Bombay, as shown in plan E, will be saved 
to a great extent ; and the light fit)m side windows will be quite 
ample for the purpose of working the machinery. The ventilation in 
the mill by having ventilators, and that opposite each other, will be 
for better than is the case at present ; and the nuisance of gutters 
will be entirely obviated by havmg the iron roof made of one span, 
without a central gutter. 

C. Flan of Cotton Weaving Factory — contains 200 looms and all 
the preparation machinery for weaving, for which estimates have been 
given. — The looms are placed in two wings, 100 in each wing, and the 
breadth is so regulated that the light from side windows would be 
quite ample. The plan C may be considered as a continuation of plan 
B of spinning factory, if it is intended to use the yam for weaving. 
The reeling machines which are required in a spinning factory not 
being wanted in weaving, the place in the spinning factory occupied 
by reels is here filled up with preparation machinery required for 
weaving. 

D. Flan of Spinning and Wearing Factory — ^includes all the ma- 
chinery for spinning as well as for weaving, and shows at one view 
the two plans B, C, combined as one whole. In the front wing of 
this factory, just in the middle, is placed the steam-engine house ; the 
boilers for supplying steam, and the fuel economiser being immedi- 
ately behind, and if desired may be entirely separated from the wing 
by leaving a free passage between the engine-house and boilers. There 
are two entrances on two sides of the engine-house; one would 
answer the purpose, but two would be better. At one end of the 
frt)nt wing is the blowing-room for cleaning cotton, and at the other 
end is the mechanics* shop, and staircase for going to the upper story- 
over the front wing for raw cotton storeroom, ofl&ces, &c. If preferred, 
instead of the upper story, two rooms may be bmlt at the two ends of 
the front wing, one for storing raw cotton, the other for offices. Two 
large side wings are attached to the front wing ; one contains the card- 
ing, drawing, slubbing, and roving frames and throstles ; the other 
the self-acting mules. The back wing corresponding to the front 
wing, contains preparation machinery for weaving, to which is con- 
nected two smaller wings filled with looms for weaving. The whole 
arrangement is such on plan D, that in spinning and weaving one 
process will follow the other with regularify, till the raw cotton will 
come in the shape of finished cloth into the warehouse. 

Near the blowing-room is a fire-proof passage to the other wing, 
secured with iron doors, as required by the insurance companies. The 
cleaned cotton formed into laps will be taken through the passage to 
the large wing, there to be carded, drawn, twisted, and spun on throstle 
machines, or otherwise spun in the self-acting mules in the wing oppo- 
site, where the bobbins will be carried down by a special contrivance to 
save manual labour. Between the throstle and mule spinning-rooms 
there is an intermediate wing where the cotton yam will be beamed, 
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sized, and then passed to the two wings behind containing the looms 
for being woven. The fmished cloth wiU be deposited in the adjoin- 
ing warehouse. 

At first sight it seems that this plan D occupies a great deal of 
space ; but it does not, as the open yard in the centre is reserved for 
building one or two large reservoirs of water required for the pur- 
pose of condensing steam, and for storing coals, &c. This factoij, 
with its projecting "^^in^, with one story over tiie front wing, will 
also look mr more imposing, possess even architectural beauty without 
any additional cost, and occupy less space for its size than any of the 
cotton mills built as yet in Bombay. 

E. Flan of Cotton Spinning and Weaving Mill erected in the Bombay 
Presidency, illustrates the principle on which all the cotton mills have 
been built there. It contains 4,752 throstle spindles, 5,184 mule spin- 
dles, and 150 looms, with the other necessary preparation machinery for 
spinning and weaving. The building is in length 276 feet by 140 feet 
in breadth. Inside the building are iron columns shown on plan in 
.... dots, about 20 feet one way, and 10 feet the other way, forming 
what is called a bay. The breadth of the mill being 148 feet, the light 
admitted fix)m the side windows is quite insufficient for the purpose of 
working the machinery. Hence for mills built on this principle it is 
absolutely necessary to derive the necessary 

light from a series of glass windows placed ^^^^•^\^^^ 
on the top of the roof, supported by girders 
resting on iron columns, the windows run- 
ning right across the enlire breadth of the 
milf on every alternate row of columns. 

Many thousand square feet of glass windows are thus required even 
for a small mill. Tlie iron columns being hollow, are used for taking 
away the rain water from the gutters, which run outside the mill by 
an underground gutter. 

The height of aU miUs, where the machinery is on the ground floor, 
is generally 10 feet from the floor line : where the brickwork or ma- 
sonry is cheap it may exceed this by a few feet ; but that is quite arbi- 
trary. The subject of £Eu;tory buildings is treated of separately at 
page 290. 
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QUANTITY OF COTTON YARNS 

EXPORTED FROM OREAT BRITAIN TO INDIA AND CHINA.* 



To 


1866. 


1865. 


1864. 


1863. 


1862. 


Bombay 


lbs. 

3,761,021 

4,709,541 

11,404,079 

1,759,954 

782,876 
4,741,850 


lbs. 
3,361,582 
2,381,229 
7,860,149 
1,297,300 

335,400 
1,078,208 


Ibe. 
5,765,996 
2,090,351 
8,481,515 
1,172,718 

176,546 
1,961,813 


lbs. 
6,115,350 
3,957,747 
10,791,512 
1,991,936 
612,226 
2,251,154 


lbs. 
4,646.075 
1,668,956 
9,681,377 
1,593,371 

448,440 
3,214,059 


Madras 


Calcutta 


SiDffaDore. 


Ceylon 


China 




Total, inclnd-) 
ing other > 
countries. ) 


139,005,221 


103,533,609 


75,738,845 


74,398^64 


93,225,890 



DECLABED VALUE OF COTTON YARNS 

EXPORTED FROM OREAT BRITAIN TO INDIA AND CHINA.* 



To 


1866. 


1865. 


1864. 


1863. 


1862. 


Bombay 


£ 

381,807 
542,948 
1,244,938 
173,046 
82,933 
428,937 


£ 

359,536 
298,032 
824,981 
127,181 

34,941 
104,414 


£ 

741,608 

329,751 

1,119,564 

.130,790 

28,227 

241,930 


£ 
710,565 
531,743 
1,370,929 
213,231 
78,746 
289,251 


£ 

381,199 
157,933 
797,338 
99,389 
40,479 
183,963 


Madras 


Calcutta 


SinfifiPore ,,,„-,, , 


Ceylon 


Ghma 




Total, includ- ) 
ing other > 
countries. ) 


13,700,404 


10,342,787 


9,096,209 


8,063,128 


6,202,240 



* From the Board of Trade Betums. 



STATISTICS. 
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QUANTITY OF COTTON PIECE GOODS 

EXPORTED FROM GREAT BRITAIN TO INDIA AND CHINA.* 



To 


1866. 


1865. 


1864. 


1863. 


1862. 


Bombay 


Yards. 

155,341,732 
22,043,668 

368,455,276 
59,422,703 
26,429,513 

188,610,971 


Yards. 
163,810,271 

18,934.880 
321,035,019 

43,217,688 

15,594,561 
126,160,887 


Yards. 

196,165,111 
14.190,874 

228,993,986 
24,980,447 
12,645.684 
73,462,152 


Yards. 

245,570,066 
18.438,591 

244,072,772 
29,060,076 
22,222,525 
46,454,793 

1,710,962,072 


Yards. 

170,843,749 
10,058,058 

282,600.808 
32,726,886 
18,432,697 
80,636,465 


Madras 


Calcutta 


Sineapore 


Ceylon 


China 




Total, includ- i 
ing other > 
countries. ) 


2,575,967,266 


2,014,303,716 


1,748,927,590 


1,681,394,600 



DECLARED VALUE OF COTTON GOODS 

EXPORTED FROM GREAT BRITAIN TO INDIA AND CHINA.* 



To 


1866. 


1865. 


1864. 


1863. 


1862. 


Bombay 


3,005,234 
491,829 

7,138,941 

1,331,808 
836,610 

4,420,168 


£ 

3,265,893 
416,404 

6,127.628 
918,966 
384,476 

2,779,408 


£ 

4,723,182 
407,374 

5,149,227 
658,357 
413,536 

2,010,025 


£ 

4,964,622 
455,565 

5,017,537 
701,618 
569,642 

1,162,505 


£ 

2,504,698 
189,529 

4,484,287 
567,488 
310,538 

1,269,988 


Madras 


Calcutta 


Sinflranore 


Ceylon 


Ohina , , , , , 




Total, includ- ) 
ing other > 
countries. ) 


57,829,440 


44,876,363 


43,887,387 


37,633,535 


28,562,466 



* From the Board of Trade Returns. 



EXPORT OF INDIAN MANUFACTURED GOODS TO 

FOREIGN COUNTRIES, 
In each of the Years ending 30th ApRiL.f 



Year. Value. 

£ 

1866 1,043,960 

1864 1,167,677 

1863 786,437 

1862 748,386 

1861 786,667 

1860 763,686 

1869 813,604 



Year. Value. 

£ 

1868 809,183 

1867 882,241 

1866 779,647 

1866 817,103 

1864 769,346 

1863 930,877 

1862 819,049 



t From Statistical Abstract presented to Parlif ment in 1867. 
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BLEACHING AND FINISHING WORKS. 




IKTRODUCTION. 

Bleaching is the process by which the impuritiee 
and colouring mattere in grey goods, cotton, silk, 
or. other textile fabrics, are removed, and the cloth 
rendered nearly or quite white. In India it has 
been practised from ancient times, as well as in Egypt 
and other countries, where lime, ashes of plants, or 
potash and other substances, are used for bleaching. 
At one time woven goods made in England were sent 
to Holland to be bleached ; where, after some prepara- 
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tory processes of boiling and washing, the goods were 
spread out on the grassy fields, and exposed to the 
action of air, light, and moisture, for several weeks. 
In India the process was, and is up to the present 
time, very laborious and tedious. In Europe several 
Htempts have been made to find out substances by 
/hich bleaching could be done well, and in a short 
time. 

In 1785 it was discovered that a gas contained in 
common salt, called chhrine, possesses the property of 
destroying vegetable colours. This was a triiunph ; as 
by the application of this gas in bleaching, the work 
of several hands is reduced to a few ; what required 
weeks is now performed in a single day, or a few hours, 
and consequently done at a mere fraction of the former 
expense. But chlorine gas, being poisonous, had an 
injurious effect upon the workpeople. A convenient 
method was soon, however, discovered of applying the 
gas in combination with lime, forming what is known 
by the name of bleaching powdery or chloride of lime. 
A solution of this is made in water ; the gas, being 
chemically combined with lime, remains in combination, 
and does not escape into the air : while, on the other 
hand, the combination of the gas with lime does not 
prevent it from operating upon goods. It is now ex- 
tensively employed for bleaching, and in conjimction 
with improved machinery for boiling and drying the 
goods, the whole process of bleaching is performed 
with the greatest ease and speed ; thus entirely doing 
away with the necessity for large plots of ground or 
fields, and for the great amount of labour required 
by the old and primitive process. 

There are several circumstances which interfere with 
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the whiteness of cotton and other goods. In spinning 
and weaving, the goods acquire certain impurities from 
the perspiration and dirt from the hands of the work- 
people. The fibres of cotton contain also a colouring 
matter naturally adhering to it, which gives to it the 
peculiar grey colour, but which seems to have no in- 
fluence in giving strength to the fibres ; for the cloth 
is found as strong after the discharge of the colouring 
matter as before. The fibres are also covered with a 
resinous substance which prevents them from readily 
absorbing water. There is also the si^e or starch used 
in the threads before weaving. These and other im- 
purities in the grey cloth are removed by the several 
processes in bleaching, now practised with success in 
most European countries. 

In Great Britain there are hundreds of calenderers, 
whose business consists in finishing the goods after 
bleaching, and making the surface of the cloth com- 
pact, level, uniform, and glossy. This is cheaply and 
very expeditiously done by passing the cloth between 
heavy rollers, in machines worked by steam. In 
India, down to the present time, a glossy appearance 
is given to the cloth by rubbing over the surface with 
a shell by hand, as hard as the force of the wrist can 
bear. It is a most costly and laborious process, and 
not fit to be practised even in a half-civilised country. 
Asia is still following the old process. The wisdom 
and philosophy of its people consist in doing exactly 
what their wise forefathers did before them centuries 
ago ! But it is neither wisdom nor philosophy ; it is 
downright folly. 
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PRACTICAL PROCESSES. 



(1.) Singeing. — The object ia to remove the fibroua 
down or nap from the surface of the cloth, otherwise 
it will injure its appearance when Enished. To facilitate 
subsequent operations, the pieces of cloth are first 
fastened together at the ends by a stitching machine, 
then woimd upon a roll, and passed over a red>hot 
plate of copper in the singeing machine, at such a 
velocity that it singes or bums off the loose fibres 
but without injuring the cloth. Some goods are singed 
on one, and some on both sides. 
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{2.) Boilina in Keir. — To remove the grease the 
goods are boiled with lime, or other alkaline substances, 
in a keir or boiler, heated by means of steam pipes. 
It has contrivances to regulate the quantity of liquor ; 
to spread it over the cloth ; to ensure that the cloth 




does not rise so high over the solution as to endanger 
its working; and, if such were to happen, to check 
the steam at once. The quantity of lime employed is 
various, but the usual allowance is three per cent, of 
the weight of cloth. The action of the lime makes 
the goods look darker in colour than before. 

(3.) Washing. — The machine for this process has a 
trough for water, and two wooden squeezing rolls. The 
cloth passes roimd the roller in water, and is then 
squeezed by the rolls, which make 100 revolutions per 
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minute. In the machine there are pegs to guide and 
to regulate the tension of the cloth, weights and levers 
for giving the desired pressure, water taps, &c. The 




machine is capablt of washing about 800 pieces of 
cloth, and requires 400 gallons of water per mmute 
Formerly dash-wheels were used for washing, but are 
now almost entirely given up. 

(4.) Chenic and Scouring Machine. — This is similar 
in most respects to the washing machine, the only 
difference being that the rolls are smaller. It is called 
ckenuc on account of some acid being used m solution 
with water for washing. The acid sets free chlorme 
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gas from the chloride of lime, and removes the colour 
from the cloth. If it ia not sufficiently white, the 
operations of washing are repeated more or less till the 




proper whiteness la obtained. After scouring or washing 
with acid, the cloth must be again washed as before. 

To give an idea of the vast capabilities of some washing 
machines, ihe following fact, mentioned by an eminent 
firm, has been cited : that their machine " will wash 
13,000 yards per hour for all bleaching purposes, and 
6,000 yards for all kinds of dyeing purposes, and only 
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requiring the attention of a person of twelve or four- 
teen years of age." 

(5, ) Squeezing Machine. — ^Tbis is used iai discliarg- 
ing the greater part of the liquid or wat«r from the 
goods used in tlie process of bleaching. The mkite 
squeezer is the machine used for squeezing before the 
goods are dried. In some processes strong solutions 




of chemicals are used, but by improved machinery the 
cloth is passed from one process to the other so rapidly 
that it has no injurious effect on the cloth. According 
to the claas of goods to be bleached, the process of 
bleaching varies in details. 

(6.) Dryim. — The goods are dried on this machine. 
It has more than tea cylinders heat«d with steam. It 
is fiimished wiUi vacuum valves, an apparatus for 
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folding the cloth, &c. The cloth, when passed over 
£rom one cylinder to another, becomes quite dry, bnt 
not smooth. If the cloth is bleached for the purposes 
of printing, no farther operation is required ; but if 
intended to be sold as white goods it is starched and 
glazed, to improve it in appearance and finish. 




FINISHING. 




PRACTICAL 



(1.) Mangling or Pressing. — The bleached goods 
requiring to be finished are passed through manges, 
consisting of brass and cotton rolU alternately. The 
wrinkled cloth is dragged through a cistern of water, 
and passed between roUerB forced together by levers to 
which considerable weight is attached, where it is 
mangled and pressed, and the surface flattened and 
equalised. It is next wound upon a roller to be starched, 
which is the next process. Starching is sometimes 
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curried t<J great excess to increase the bulk, and deceive 

the purchiwer as to the quality of the cloth. 

(2.) Starching and Drying. — The starching machine 
containa a trough for holding starch. A roller which 
dips into the starch lays it regularly and evenly on the 
cloth, while other rollers press out the superfiuous por- 
tion. Flour paste is the substance usually employed, 




and sometimes fine porcelain clay is mixed with it. In 
some cases, the starch is mixed with blue, to heighten 
the effect. After this the cloth is dried by the drying 
machine, consisting of hollow copper cylinders, heated 
by st«am, and is then stretched upon the stretching 
machine. 

(3.) Glazijig or Calendering. — Many kinds of goods re- 
quire glazing, for which purpose the cloth is first damped 
in a machine where a revolving brush throws water 
in a fine spray over it, after which the cloth is passed 
through a calender, consisting of rollers, on which a 
very powerfiJ pressure is brought to bear ; so that 
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the cloth becomeB Bmooth and somewhat shining. The 
roller'* for calendering or glazing are of iron, wood, 




paper, &c., and require very nice workmanship ia pre- 
paration. 

(4.) MaMiig up. — The cloth after being glazed by 
the calenders is folded into lengths and forms acbording 
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to the different kinds of goods, or the particular market 
for which they are designed. 




INTRODUCTION 

The art of dyeing has been practised from the most 
ancient times in the East Indies, Persia, China, Egypt, 
and Syria. In India, the mode of dyeing Turkey red, 
which ifl the most dtirable vegetahle tint known, was 
first discoTered. It was afterwards practised in other 
parts of Asia and Greece. In 1765 the French Qovem- 
ment, convinced of its importance, published an account 
of the process. In England it was introduced in the 
eighteoith century, when a Turkey red dye-work was 
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first established in Manchester. About the same time 
a Frenchman introduced it into Glasgow, at which 
place the greater part of the Turkey red dyeing in Great 
Britain is stiU carried on. 

When indigo, the most useful and substantial of all 
dyes, so largely produced in Bengal, was first introducd 
into Europe, it met with great opposition. It was con- 
sidered a dangerous drug, and csHeA food for the devil; 
and by an Act of Parliament, passed in the reign of 
Queen Elizabeth, was ordered to be destroyed in every 
dye-house wherever it could be found. The use of log- 
wood as a dye was also prohibited till tiie reign of 
Charles the Second. But the absurd prejudices against 
indigo and logwood soon gave way. By the discovery 
of the properties of the different dye-drugs, and es- 
pecially by the knowledge of the modes in which the 
drugs combine with other substances, the art of dyeing 
has made very rapid progress ; so that the European 
dyer has it now in his power to produce a variety of 
tints of great depth, durability, and lustre. The recent 
application of chemistry has also shown tiiat the dye- 
stuff formerly thrown away is available again to a great 
extent, by simply treating it with acids. But in India 
and other parts of Asia the art of dyeing is at a 
stand-still. The best means of extracting colouring 
principles, and the most effectual manner of applying 
them to cloth, as done in Europe, have not been yet 
introduced into a country where nature is so bountifid. 

The greater number of colouring matters employed 
in dyeing are derived from plants. They are soluble 
in water, — ^much more so in hot than in cold water, — 
and readily attach themselves to the cloth to be dyed ; 
but in washing with water the colour easily separates. 
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To unite the colour with the cloth another substance, 
termed mordant, is applied, which possesses the property 
of forming an insoluble compound with the colouring 
matter, thereby Jixing the colour, which remains even 
after repeated washings in water. A mordant thus acts 
as a bond of union between the cloth to be dyed and the 
colouring matter. Common alum is an example of a 
mordant, and is extensively employed in dye-works for 
that purpose. The dye which is the product of combi- 
nation between the mordant and the colour is not always 
the natural colour of the drug, seeing that a great 
variety of colours are capable of being produced by 
varying the kind of mordant. For example : if a piece 
of cloth be impregnated with alumina, and then passed 
through madder solution, it acquires rose tint. In the 
same dye, with a solution of iron as mordant, the cloth 
becomes dark brown or even black. With another 
mordant, the same infusion of madder yields a variety 
of tints between the most delicate pink and dark red. 

There are instances also where the dye drug in its 
natural colour is fixed fast within the fibres of the 
cloth. Amongst this class of dyes is indigo. It is not 
soluble in water, but by mixing it with lime, and de- 
priving it of part of its oxygen, it loses its colour, and 
becomes soluble in water. The cloth on being immersed 
in this solution, and afterwards exposed to air, im- 
bibes oxygen, the original colour is restored, and it 
becomes indigo-blue, forming a permanent dye on the 
cloth. 

Dyeing Cotton Yams, — In dyeing cotton yams, the 
yam is brought to the dye-house in bundles of ten 
pounds, and after banding, it is boiled in water until 
thoroughly wet, and each roll put upon a wooden roller. 
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If the colour to be dyed be dark — such as brown, black/ 
purple, or deep blue, the yarn is now ready for the 
dyeing operation ; but if for light shades — such as pink, 
<&c., the yam is bleached by boiling in bleaching solu- 
tion previous to being dyed. For blue no heat is 
required in the dyeing vats. Six vats constitute a set. 
During the operations of dyeing there are certain 
circumstances which have to be attended to in order to 
facilitate the processes. Thus with many colouring 




substances heat is necessary, not only for making the 
solution, but also for its combination with the stuff or 
mordant. Decoctions of wood are always made in hot 
liquor. Colours dyed by munjeet or madder must be 
done at a boiling heat during the whole process, or no 
dye is effected. 

The permanence of colours is another important 
matter. The term " fast colour " is generally given to 
colours that will resist all ordinary washings. Some 
fast colours are immediately affected by acids or alkalies, 
but Turkey red is not. 

In Turkey red dyeivjg great excellence has been 
attained in Europe, shades being produced of great bril- 
liancy and fastness. The bleached yam is first soaked 
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in oil, then dipped in carbonate of soda, and exposed to 
the action of air and steam in a hot room. The yam is 
passed next through a solution of nut-galls and a red 
mordant, successively, and is ready for dyeing, to effect 
which it is boiled for two or three hours in a vessel 
with madder root or mimjeet. Lastly, the brilliancy of 
the colour is completed by boiling in soap solution. 
Fictitious Turkey reds are abundant in the market, and 
though approaching the genuine colour very closely, 
are unable to resist wear and washing. 

The wonderful progress which Turkey red dyeing has 
made with European appliances, and with the assistance 
of chemistry, as compared with the mode in which it 
was carried on for centuries in Asia, and still exten- 
sively practised, renders it impossible to deny that 
material advantages would result by introducing im- 
proved machinery for that purpose. The table of ship- 
ments of coloured yams and cloth from Great Britain 
will show clearly how extensive is the field for adopting 
improved methods and improved machinery in Asia. 



DYE DRUGS PRODUCED IN ASIA. 




Some dye-stuffs are yielded by nature in a state fit for 
immediate use, such as madder, logwood, sandalirood ; 
but indigo, litmus, &e., undergo a process of prepara- 
tion before being used for dyeing purposes. 

It was observed that some of the munjeet or madder 
grown near Avignon, in France, where it was introduced 
by a Mahomedan, from Persia (whose bronze statue, 
erected to perpetuate his memorj-, may be seen on the 
top of the hill from the Avignon railway station), was 
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found inferior in its richness and briUiancy of colour. 
A chemical examination of the soil was made, and 
the result showed that the soil was deficient in lime in 
comparison with some of the best madder farms. A 
dressing of lime was given to the soil, and it was found 
that the crop of madder yielded was inferior to none. 
The value of the dye-stuff depends a good deal on the 
care bestowed on its cultivation. Owing to the judicious 
manner in which the Chinese safflower is cultivated 
and collected, it contains far more of the fine red 
colouring matter ; it is consequently worth four or five 
times as much as the best Bengal safflower. A short 
account of the principal dye-stuffs will not be out of 
place here. 

Catechu is the dried juice of the khair tree of Bom- 
bay and Bengal. Its application in some styles of 
dyeing and printing has been of the greatest service. 
It has allowed a scope of design and variety of colour- 
ing by using different mordants, which has done much 
to extend the use of printed goods. It is largely used 
to give various shades of brown and other lighter 
colours springing from it. Bengal catechu is in flattish 
round lumps of a light brown colour outside, but 
Bombay catechu, or Terra japonica^ is in square masses. 
Its colour is reddish brown, and it breaks unevenly. 

Cochineal, employed for dyeing purposes, is a female 
insect feeding on nopal trees, where it remains fixed 
uj)on the sap till killed in hot water. There is only 
one male to about two hundred females. The season 
for rearing lasts seven months, during which the insects 
are collected three times by being brushed from the 
plant. They are then spread out, dried, and packed 
for the market. Cochineal is one of the most expen- 
sive dye drugs. It is easily soluble, and easily ex- 
tracted bv boiling the insects. The colours which are 
derived are red, pink, scarlet, and crimson. 

Gall Nut is a valuable dyeing material. It is pro- 
duced originally by the puncture of a little inject on 
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the branches of the tree to deposit its egg. The juice 
of the tree coUects round the egg, and hardening, forms 
the gall nut, which contains from 50 to 70 per cent, 
of tannic acid, valuable in dyeing black colour. Sumach 
and logwood are used for the same purpose. 

Indigo is an important dyeing material, and is de- 
rived from plants. India produces nearly four-fifths 
of all the indigo consumed in the civilised world. The 
best quality from Bengal fetches from three to four 
times the price of the lowest quality. The method of 
dyeing in this colour is very simple ; and all the styles 
of work produced are cheap and low class. It possesses 
extraordinary stability, and therefore its chief con- 
sumption is among the poor classes. It seldom enters 
into high class work. The finest qualities of indigo 
in Great Britain are obtained from Bengal. Thousands 
of maunds are exported from Bengal every year, made 
in Jessore and Kishnaghaur. That made in Tyroot, 
Oude, and Benares, is inferior in quality to Bengal. 
There are four qualities of Bengal indigo, which by 
passing over into one another produce a number of in- 
termediate colours. The Madras indigo is more Kght 
and friable than Bengal. When cotton goods are to 
be dyed of a uniform blue, neither bleaching nor wash- 
ing is at all necessary. The size in the unbleached 
goods rather facilitates the dyeing process, in which a 
peculiar roller apparatus is employed. 

LaC'dye yields the same colours as cochineal, and is 
prepared in India from a resinous substance which 
exudes from certain plants by the puncture of the insect, 
and which is called stick-lac. The tinctorial principle 
of lac is made by evaporating the infusion to dryness, 
and forming the residue into cakes. It is imported into 
Great Britain in two forms, called lac-lake and lac- 
dye, which contain about 60 per cent, of colouring 
matter. 

Logwood. — ^The colouring principle is red, but it also 
forms a variety of shades between light purple and 
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black. The long pieces are rasped or cut by machinery 
in the dye-house into small fragments fit for extracting 
the colour. It is extensively used in black dye, as its 
cost is less in England than that of galls, which give 
the best and firmest colours. 

Safflower is the flower of a plant growing in India 
and other warm climates. It contains two colouring 
matters, one worthless for dyeing, the other useful for 
a fine red colour. It is largely employed for dyeing 
cotton and silk. Safflower possesses the remarkable 
and exceptional property of fixing itself readily and 
firmly on cotton, without the intervention of a mordant. 

Myrohalsam is the fruit of a tree which grows in 
India, and is used in that country in dyeing, as a sub- 
stitute for galls and simiach, and also for the same 
purpose in Europe. It is exported from Bombay in 
larg^ quantities. 

Madder y or munjeet, is sometimes known as Bomiay 
rootSy and grows in many parts of the world. It is 
most extensively used in dyeing and printing of cotton 
goods for the production of a permanent bright red 
colour. A form of madder containing more colouring 
matter than the natural root is prepared, and called by 
the name of garancine. The chief colours obtained 
from madder, besides Turkey red, are madder purple, 
madder pink, purplish black, and various shades of 
brown. 
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ESTIMATES FOR BLEACH AND FINISHING WORKS. 

Machinery for Bleach-house^ as shoum on Plan F. 

£ 

I Singe stove, copper singe plates, rollers, framing, complete . 96 

1 pair wrought-iron keirs, with cover, pipes, valves, complete. 
1 washmg machine, with 2 rolls, complete. 2 pairs of 
squeezers, with rolls, complete. 1 chemic machine, with 
trough rollers, complete. Top gearing and wincheis, for 
drawing from one machine to the other 374 

1 Drying machine, with steam cylinders, pressure guage, safety- 
valves, taps, stands, troughs, complete . . . .168 

6 Steam-engines, with governor, valves, and gearing, complete, 
for driving all the above machinery ; boiler, pipes, valves, 
and taps for bleach-house ; and packmg and free delivery on 
board 666 



£1,303 



Machinery for Finishing Works, as shoum on Plan F. 

£ 

2 Water mangles, 6 and 3 rolls, brass spreading-rollers, double 

arrangement of levers, warming cylinder, complete . . 1,136 

2 Starching mangles, brass rolls, &c., complete. 1 patent stretch- 
ing machine, with batching apparatus, &c. 1 stretching 
machine. 1 damping maclune ; 1 conroy, complete . . 696 

1 Finishing calender, with 6 roUs, with double batching ar- 
rangements, complete 466 

7 Steam-engines, with governor, valves, and gearing, complete, 

for driving the above meichmes 600 

1 Hydraulic press, ram 10", with set of pumps, boiler, feed pump, 
blowing fan, heating cylinder, &c. ; including packii^ and 
free delivery on board a vessel 750 

£3,636 
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ESTIMATE FOR DYE HOUSE. 

Maehineiy as ahoum on Plan F. 

£ 
2 Wetting cisterns, drawing rollers, fittings, &c. 8 iron jiggers, 
with reversing rollers, complete. 6 indigo vats. 3 ash 
vats, with rollers, including steam-engines for driving, com- 
plete .750 

1 Padding machine, with 2 brass roUs, including steam-engine 

for driving, &c., complete 90 

2 Drying machines, with steam cylinders. 2 mangles, including 

2 steam-engines for driving, complete . . . .532 
Kasp for cutting dye-wood, with sets of knives, complete. 6 mills 
for grinding indigo ; grindstone, with frame, &c. ' 2 steam- 
engines for driving, complete. Boiler for supplying steam, 
complete ; including packing and firee delivery on board a 
vessel 577 



£1,949 



DIMENSIONS OF BLEACHINa, DYEING AND FINISHING 

WORKS. 



Machinery as shown on Plan F. 
Scale, 33 feet = 1 inch. 





Length, 


Breadth, 


Square 


Height, 


Cubic 


t 




feet. 


feet. 


feet. 


feet. 


feet. 


Bleach house, witl 
grey room 


:i 


74 


48 


3,652 


14 


49,728 


White room 




31 


53 


1,643 


14 


23,002 


Starch house . 




22 


18 


396 


10 


3,960 


Finishing room 


» 


100 


53 


6,300 


14 


74,200 


Drying room 




130 


31 


4,030 


30 


120,900 


Dye house, &c. 




100 


48 


4,800 


14 


67,200 


Rasp house . . 




48 


37 


1,776 


14 


24,864 


Warehouse, &c. 




131 


28 


3,668 


15 


55,020 


Singe and boiler \ 
house . . 3 


60 

)t and cu 


28 
bic feet 


1,680 


10 


16,800 


Total of square 


fe( 


26,845 


435,674 
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REMARKS ON BLEACH, FINISHING, AND 

DYE WORKS. 

MACHINERY AS SHOWN ON PLAN F. 

Plan F, for Bleach, Finish, and Dye works, is so 
arranged that each of the three, departments may be 
separated and made complete by itself if desired ; or 
the three departments, so intimately connected with 
each other, may be combined as one whole, as shown 
on plan — forming complete works for bleaching, dye- 
ing, and finishing goods at the same place. This 
would be preferable. 

The bleach house is adapted to bleach more than troo 
thousand jim hundred pieces of twenty yards each per 
week. In bleaching, the length of the piece is of more 
importance than its weight, and it is by the length 
that the quantity that could be bleached is always cal- 
culated, and not ty its weight. 

The cost of bleaching in England, including profits 
of the bleacher, &c., is from eight to ten pence per 
piece of 38 yards, according to finish and width of 
cloth. 

In the dye house, as shown on the same plan, one 
set of six indigo vats will dye fifteen pieces of fifty 
yards each per day, of the best genuine indigo blue ; 
or double that quantity of medium quality, topped with 
Prussian blue ; or ninety pieces of common topped blue, 
topped with logwood. In facy dyeing, two jiggers 
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will dye twenty pieces per hour of slate, drab, or lead 
colour ; or forty pieces of black, brown, &c. In fact, 
the quantity that can be dyed will depend on the 
quality and the style of colour. 

Dyeing in indigo blue and other colours is exten- 
sively practised in India ; and it will be seen from the 
tables that large quantities of coloured yam and cloth 
are shipped every year from Great Britain to India and 
China. There is ample room, therefore, for introducing 
improved machinery for dyeing purposes, as the stuffs 
used for dyeing are produced in large quantities in 
almost all parts of Asia. 

The finishing room on Plan F, for starching and 
glazing the piece-goods, is so adapted as to finish the 
goods that may be either dyed or bleached in the bleach 
or dye house shown on same plan. 

The cost of machinery for bleaching, dyeing, and 
finishing, including packing and free delivery on board, 
will not be more than £7,000, exclusive of freight, cost 
of buildings, &c. The total cost of the works complete, 
with reservoirs of water, will probably amount to about 
£17,600. 

Bleaching, as well as dyeing, is intimately connected 
with calico-printinff, so further remarks will be made 
under that head. 
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CALICO PRINTING. 




INTEODUCnOK. 

Calico Pbistikg ib the art of producing chintzes or 
other coloured patterns on cotton cloth, by printing in 
colours, or mordants, which become colours when sub- 
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sequently dyed. India is the birthplace of this art, 
which derives its name from CaKcut, a seaport town on 
the Malabar coast, where formerly the art was carried 
on extensively ; and large quantities of printed cottons 
were exported to Europe from that place by the Dutch 
and East India Companies. But in England, at one 
time, a class of people were so jealous of Indian chintzes 
that an Act was passed by Parliament prohibiting the 
introduction of the beautiful prints of India ; this re- 
striction " prevented the British ladies from attiring in 
the becoming drapery of Hindostan." This Act was 
intended to protect the English wool and silk manufac- 
turers from the competition of Indian goods. But the 
English became accustomed to the use of printed calicoes 
and chintzes; and thus gradually a trade was estab- 
lished in England by printing on plain Indian calicoes, 
which were up to that time admitted imder a duty. In 
1712 the printing business which was first introduced 
from India became rather extensive, so an excise duty 
of threepence per square yard was levied; but this 
duty retarded, and in many ways prevented, the pro- 
gress of the art in Great Britain ; so, after a short time, 
it was quite repealed. 

In India, for bandana handkerchiefs, the method 
practised from time immemorial is to bind firmly with 
thread all spots on the cloth to be protected from the 
dye, and to remain white, while the rest of the cloth is 
subjected to dyeing operations. This most laborious 
process was improved in Europe in 1811 by employing 
a series of presses worked by steam, and bringing a 
strong pressure on an engraved metal plate, which con- 
tains holes, through which lemon juice or citric acid is 
made to pass, which dissolves the colour of the cloth 
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immediately. In this simple maimer, by connecting a 
series of presses, 1600 pieces of 12 yards each are con- 
verted into bandanas in the short space of ten hours 
by the labour of four workmen only. Thus the Indian 
style has not only been copied, but far surpassed in 
cheapness, by the Europeans, with the aid of chemistry 
and machinery. 

The art of printing calicoes has been improved 
steadily in Great Britain from tmie to time. The chief 
improvement was the invention of the cylinder or 
roUer printing-maxjhine, which has almost entirely 
superseded the hand block-printing process. Printing 
by the cylinder-machine is executed, not only with 
greater accuracy than by the wooden hand-block as 
practised in India up to this day, but with an almost 
incredible saving of time and labour. A single machine, 
with one man to regulate the engraved pattern-rollers, 
is capable of printing as many pieces as two hundred 
men could do with the hand-block in the same time. 
A length of calico equal to one mile has been printed 
with four different colours in one hour, or twenty-eight 
yards in one minute. 

It has been estimated that one-seventh of all the 
cotton spim and manufactured is devoted to printing. 

Owing to the great improvements in machinery, and 
the discovery of new colouring matters, with the modes 
of fixing themy^^^ on the cloth, print-works have now 
been established all over Europe. The reduction in 
price of cotton prints within the last fifty years is a 
striking illustration of the advancement which has been 
made in Europe in calico printing. England has by 
far the largest portion of this trade, and especially the 
export trade. America produces next in quantity to 
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England. France and Switzerland next to America in 
quantity, but far superior in quaKty. Austria and 
Bohemia also produce for their own markets. Holland, 
Belgium, Russia, Naples, and even such poor coimtries 
as Spain and Portugal, have their print-works, where 
the most improved machinery is applied to the pro- 
duction of printed goods. 

But India, where the art of calico-printing first 
originated, and which used to export printed goods to 
Europe — ^that country has almost lost her occupation. 
And why P The art remained in the same state from 
generation to generation. With shame it must be told 
that up to this time the old process of printing is still 
entirely followed, without the least improvement. In a 
country embracing an area of thousands of square miles, 
with a demand for printed goods, with plants producing 
beautiful dyes, not a solitary work has been established 
as yet to print goods with the improved machines — 
notwithstanding that a moderate capital will suffice for 
a complete calico print- work. India is poor even with 
a rich and fertile soil, and will remain so as long as 
she depends entirely on agriculture, and (with other 
requisite changes) improved machinery for manufac- 
turing is not introduced. 



CALICO PRINT WORKS 




PRACTICAL PROCESSES. 



Cylinder- PrintiTig Machine. — The cloth to be prmt«d 
is first bleached, then wound in rolls by a machine 
called a condroy, on wooden beams, and brought to the 
cylinder-printing machine, where the cloth ia printed 
in one, two, three, four, or sometimes as many as 
twenty coloiirs at the same time. The pattern is 
engraved on small copper tubes or roUera, which 
are placed round a large drum of the calico-printing 
machine. Below each engraved cylinder is a clothed 
Vood roller which partly dips in a trough containing a 
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ttiickeaed colour or mordant. As the drum revolvefl, 
the colour is rubbed 1w presaure into the engraved 
parts of the cjliader. The calico is first carried round 
the main drum, which is covered with felt, and pasaee 
underneath each engraved cylinder, which presses the 
design on the cloth, as it passes frmu one roller to the 
other. The different parts of the pattern falling in 
their exact places, a proper effect is produced. 

The excess of colour is scraped off from each en- 
graved roller by a self-acting sharp knife called a doctor, 
■ which is so arranged that the scraped colour falls back 
again into the colour-box 
attached to each roller. 
There is also another ar- 
rangement in the machine 
by which the fibres acquired 
by the rollers from the calico 
in the process of printing 
are removed. A piece of 
twenty-eight yards long is 
usually drawn through in 
about two minutes and con- 
ducted to the ageing room. 
Engraved Pattern Hollers 
are now engraved by machinery. For that purpose 
the roller of brass is first coated with vamish; 
then put in a machine, where the roller is made to 
revolve slowly ; and the pattern is traced on it by a 
diamond point. After having been etched on the whole 



surface, the roller ia placed in dilute nitric acid, which 
dissolves and deepens the lines exposed by the removal 
of the vami^ — the parts covered oy vamish remaining 
unacted on. There is another method, but not appli- 
cable to all descriptions of engraving. The pattern is 
first enlarged by the camera, and traced on paper in a 
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dark room ; then transferred to a zinc plate, and laid 

on the curyed bed of the pantograph machine. 

. These engraved rollers weigh from 80 to 120 Iha. 

each. 

Colow-Hoiiae. — In, calico printing, the colouring 
matter, or the mordant, in order to prevent it frmn 
rumiing or ext^idiug b^ond the proper limits of the 




design, is thickened with wheat-starch, flour, or gum. 
In the colour-house a range of copper pans are fitted 
with steam and water pipes, and the colours are agi- 
tated or stirred by machinery, which was formerly 
done by manual labour with flat sticks. Only steam- 
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heating beioj^ used, any amount of heat required is 
applied at pleasure by turning on the steam pipes. ThB 
process of boiling and cooling is rapid and very oertain, 
and saves a good deal of time and labour. 

Ageing Room. — The pieces, after being printed, are 
dried in the drying machine and then exposed to the 
action of the air in a large spacious room, ^pt at an 
equable temperature, called the ageirig room. The time 
of exposure varies according to die style of the work. 




In this room, colours printed on the cloth undergo a 
change, and become attached to the fibres. In coun- 
tries where the air in summer is very dry, the ageing 
room is near or over a reservoir of water, with open 
boarding for a floor, to admit the watery vapour. 

Dunging. — Although in the agein? room the colours 
combine with the cloth, a quantity of superfluous 
matter remains deposited. Formerly this was removed 
by passing the dried cloth through a warm solution of 
cow dung and water. The superfluous matter combined 
with the duug, and the cloth was made fit to receive 
dyes. Dung being very objectionable for obvious 
reasons, substitutes for it are now used, prepared from 
bones. In the dung-cisterns, as they are still called 
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(though Qo dung is used), fifty or sixty pieces are 
passed per hour, and on. leaving, well rinsed in water, 
then washed in the washing machines. They are now 
to be exposed to the infusion of the dye stuff. 

Dye Becks, or veseels for dyeing, are now constructed 
of iron for madder work, in the middle of die dye 




beck IS phiced a wince or reel , this is set in motion, 
steam is tamed on, by which means the dye stuff solu- 
tion becomes heated, whde the pieces continually re- 
volve with the reel so as to bnng each portion succes- 
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Bwely into the air, agitating the dyeing matters at the 
same time. "When the dyeing is finished, the pieces 
are put into the washing machines two or three times. 
With this arrangement five workmen do all the work, 
which even a hundred hand^ formerly could not man- 
age to do. 

Clearing and Finishing. — Madder goods generally 
are cleared with Boap in a beck similar to the dye beck, 
then washed and dried. The cloth is then taken to the 




finiBhing room, where after passmg through a starching 
machine, it is dned by the steam drying cylinder ma- 
chine, and made smooth by ghizing in the calender, so 
that it has the appearance of having been ironed. 



DIFFERENT STYLES OF CALICO PRINTING. 




'^-~ -'-^ 



Madder Style — The styles of calico printing are 
numerouB, and require somewliat different processes. 
But the most important and the most extensively prac- 
tised, forming tne bulk of the cotton prints, is the 
madder style It derives its name from being chiefly 
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practised with madder or munieet. Not only does it 
yield a great number of beautiful shades of colour, but 
they are all of the utmost degree of permanency, — ^fast 
colours, resisting wear, friction, and washing. In this 
style the thickened mordants are printed on cloth ; the 
cloth is dried, and then conducted to the ageing room, 
where a chemical change takes place; the imdecom- 
posed mordant which remains on the cloth is separated^ 
and the thickening paste is removed by passing it 
through a solution of dung-substitutes, with which it 
combines. It is then washed in water in the washing- 
machine, and exposed to the dyeing becks, containing 
colouring liquor, and washed again in water. The next 
process is the "clearing," or removing the excess of the 
colouring matter loosely attached, either by rinsing in 
clean water, soapy water, or lime water, and then giving 
a finish to the cloth. An endless variety of tints is 
obtained from the same madder beck containing the 
colouring liquor, by mixtures of different mordants in 
different proportions, applied to the cloth in the printing 
machine by engraved rollers ; and thus, from the same 
colouring liquor, from red to chocolate, all shades of 
lilac and purple, up to black, violet, and purple, are 
obtained. 

Indigo or Resist Style, — This is second in importance 
to the madder style, and indeed hardly second, though 
its appearance is common and unattractive. In this 
style a resist paste is printed on white calico, which is 
then dipped in the indigo vat till the shade of blue 
wanted is obtained. The resist having the property of 
preventing the indigo fixing on the printed parts, the 
result is, dark blue ground with white. Chirui bltie is 
a modification of the indigo blue style ; the pattern is 
introduced by indigo colours printed on white cloth ; 
the pieces are next passed to a process which fixes 
the indigo on the cloth. 

Padding Style is applicable for mineral colours. The 
calico is first passed into a padding machine, which is 
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similar to the starcliing inacliine, only the trough con- 
tains thickened colour instead of starch. Different 
coloured figures are afterwards raised by the topical 
application of other mordants, joined to the action of 
the dye bath. To produce a design in a mineral 
colouring matter, the cloth is printed with one saline 
solution, and afterwards padded uniformly with the 
other, or otherwise rinsed in the ordinary way. 

Discharge or Bandana Style, — The cloth is first 
dyed, and then placed in a hydrostatic press, covered 
with a perforated engraved metal plate. Strong pressure 
being applied by machinery, a solution of lemon juice, 
or some other substance, is allowed to penetrate below 
the perforations, and the colour is immediately destroyed. 
It is in this style of work the celebrated Indian ban- 
^/e^ handkerchiefs, with white figures on a dark ground, 
have been imitated, principally in Glasgow. This in- 
genious process was only invented in 1811, in Europe. 
The method practised in India (as already indicated) is 
by binding firmly with thread those spots of the cloth 
which are to remain white or yellow, while the rest is 
subjected to dyeing operations. 

Topical and Steam Colour Style is largely employed 
in producing furniture prints, and so called because in 
this style the application of the thickened colours is 
applied topically, or mixed with the mordant when any 
is required, in a state fit to penetrate to the interior of 
the fibre. After the cloth is dried, the colouring matter 
is fixed^o^^, either by exposure to air or by the action 
of steam ; and the operations of dunging, dyeing, and 
clearing are omitted. When the cloth is removed, after 
the steaming process, it is soft ; but on exposure to 
air for a few seconds only, the thickeners solidify, and 
are separated by a gentle wash. 
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ESTIMATE FOR CALICO PRINT WORKS. 
Machinery as ahotcn on Plan G. 



£ 



Bleach-house machinery, including sewing-machine, singeing- 
stove, 2 high-pressure keirs, 2 washing-machines, 1 pair of 
squeezers, 1 drying-machine, 1 condroy, 5 steam-engines, 
with shafting, pulleys, winces, &c., for carrying doth, &c. . 1,2^ 

Engraying-room machinery, including 2 engraving-machines, 1 
self-acting ruling-machine, 1 polishing-lathe, 1 pair of clams, 
1 lathe, 1 steam-engine, with shafting, pulleys, complete . 9« 

Printing-room machinery, including 1 machine for printing in 
1 colour, 1 ditto for 3 colours, 1 ditto for 4 colours, 1 ditto 
for 6 colours, 4 steam-engines for driving, 4 sets of drying 
and blanket framing, lapping and blanketing, steam-pipes, 
valves, &c., complete 1,9J 

Colour-shop machinery, including a set of double-cased copper 
colour-pans, with all steam and water pipes, grinding rollers, 
&c., with fittings complete 4^ 

Madder dye-house machinery, including 1 set of iron dunging- 
cisterns, with rollers, steam and water pipes, 9 iron madder 
dye-becks, with winces, peg-rails, &c., 2 washing-machines, 
1 pair of squeezers, 1 pair hydro- or water-extractors, 6 
steam-engines, pipes and valves, complete . . . * '^fi 

Finishing-room machinery, including 1 starching-mangle and 
1 steam drying-machme, 2 finishmg mangles and 1 drying- 
machine, 3 steam-engines, pipes and valves, complete . 1,0' 

Steaming - house machinery, including iron folding - doors, 
wrought-iron carriage, indicator, pipes, valves, &c. 

Mechanics' -shop machinery, including 1 double-geared self- 
acting lathe, 1 hand-lathe, 1 plamng-machine, 1 drilling- 
maclmie, 1 grindstone, 1 steam-engine, wil^ shafting, 
pulleys, &c. 6 

2 boilers, for supplying steam to all the works, on the most 
improved principle, including pipes and valves ... 7 

Accessories and extras, including 100 engraved copper rollers 
for printing, ready for use, and set of felts for printing- 
madiines, tools, sundry articles, &c 9 

£9,7 




IV 
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ENSIGNS OF CALICO PRINT WORKS. 



Machinery as shoum on Plan G. 
Scale, 33 feet = 1 inch. 
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REMARKS ON CALICO PRINT WORKS. 

MACHINERY AS SHOWN ON PLAN G. 

Plan G shows the arrangement of machinery for 
calico print works, including also the necessary ma- 
chinery connected with it for bleaching, dyeing, and 
finishing about seventy thousand yards of cloth per week. 

The whole plan is so arranged that one process will 
follow another without any unnecessary loss of time or 
labour. On the right-hand side of the main entrance 
is a room for grey cloth, opening into the bleach house ; 
after the cloth is bleached, it will be taken to the calico 
print room, opening into the colour mixing shop, the 
engraved roller room, and the room for engraving the 
designs on rollers. The cloth, being printed by the 
cylinder printing machines, dried, and " aged," will be 
taken to the madder dye house to be dyed, and then 
to the finishing room ; next to this is the warehouse, 
which communicates with the offices. 

The four calico-printing machines for printing in 
one, three, four, and six colours respectively at the 
same time, as well as the other machinery shown on 
plan, are all driven by small steam-engines, one at- 
tached to each machine, which system is preferred and 
adopted in almost all modern calico print works in 
England and Scotland. It works more smoothly, it 
does not require heavy shafting, and the engines are 
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under the direct control of the workman, and very 
easily regulated. 

The engraved copper rollers of patterns generally 
weigh about 120 lbs each, the price of which varies 
according to the price of copper and the design to be 
engraved ; but on an average each engraved roller will 
cost about £7. Machinery for engraving rollers is also 
included in the estimate, as well as the cost of one 
hundred engraved rollers, which number will be suffi- 
cient for starting the works, as fashions do not change 
so frequently in India and other parts of Asia as in 
Europe. 

In calico printing, the madder style being the most 
important and most extensively practised. Plan G has 
been especially adapted more for that style of printing 
than any other ; while in the arrangement shown on 
Plan F, in the dye-house department, the machinery 
is suitable for indigo dyeing, which style is also ex- 
tensively practised, and is hardly second in importance 
to the madder style. 

It is of great importance that works for bleaching, 
dyeing, and printing should be erected where pure soft 
water may be had in abundance. If the water is not 
pure it imparts a tinge to the goods, and occasions also 
a loss of dye-stuff. In some very large works in Eng- 
land, where the quantity of water consumed daily 
amounts to 600,000 gallons, the water is made pure by 
mixing with it the refuse of the madder dye-pans, 
which combines with the impurities of the water in an 
insoluble form, and by allowing it to settle in large 
reservoirs and then passing through beds of gravel, 
water is obtained clear and fit for use. Rain-water 
and water from wells is generally better adapted than 
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river water. There are simple methods of rendering 
hard impure water well adapted for dyeing purposes. 

The bleaching necessary for printing calicoes is 
more complete than that which will suffice for calicoes 
intended to be sold in the white state; because the 
whiter the cloth is, the more light it reflects from the 
surface, and the colours of the dyes appear more bril- 
liant. The different styles of calico printing have been 
described already in a former page. 

In consequence of the great increase in price of gum 
arabic, arising from its extensive employment in calico 
printing, a great variety of artificial gums are now pre- 
pared from sago, rice, and wheaten flour, for thickening 
the colours, or mordants, used in printing. Wheaten 
flour, when heated, generally bears the name of British 
gum. 

The cost of the calico printing machinery, complete, 
as shown on plan, including freight, will amount to 
about £10,000. The cost of the buildings, &c. may be 
reckoned from the dimensions of the plan, which con- 
sists of four wings, lighted from side windows — ^with 
the boiler, steaming house, and mechanics' shop placed 
separately in the yard by itself. The total cost of the 
whole print-works complete, ready for working, may be 
safely calculated under £26,000. 



JUTE MANUFACTURES. 




INTRODUCTION. 



Jute is the material of which gunny bags and gunny 
cloth, bagging for cotton, carpets, and such other 
fabrics, are made. In India, jute manufactures must 
be placed next in importance to cotton, on account of 
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the large consumption both in India and in other 
foreign countries, and also because the demand will 
probably continue in every market of the world. 

The jute plant is most extensively cultivated in 
Bengal. Its culture is easy, the growth rapid, and the 
production comparatively large. The crop, when ripe, 
is cut down close to the roots, and after being steeped 
in water for a week or longer, the bark separates easily, 
and the silky fibre is detached, cleaned, assorted, and if 
intended for export to Europe, is pressed into bales 
containing 300 lbs. each. The annual production of 
jute in India is now more than 300,000 tons. 

Various coarse fabrics are made from jute in Bengal, 
known as gunnies and gunny bagging y of which whole 
cargoes, amounting to tens of thousands of pieces, are 
annually taken by the Americans as a cotton-bale 
material, in lengths of about 30 yards, weighing about 
6 pounds each. As it takes about 6 yards for wrapping 
every bale of cotton, a crop of 3,000,000 bales will 
require 18,000,000 yards of bagging, and one-third of 
this supply is exported to America from Bengal. In 
some years as much as 270,000 tons of manufactured 
bagging have been shipped from India to foreign 
countries. 

In Bengal, jute has hitherto been worked by very 
rude processes, and made into cloth, and has formed the 
grand domestic manufacture for hundreds of years. In 
Great Britain it has only been known within the last 
quarter of a century. Machinery worked by steam has 
been applied, as in cotton goods, to spin and weave 
jute, whereby the production has been largely increased. 
Owing to the raw material being very cheap, combined 
with a considerable amount of spinning quality, and 
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the smooth, appearance of jnte cloth made by improved 
machinery, this manufacture has made rapid progress 
in Great Britain, continues daily to increase, and has 
been extended in a short period to an extraordinary 
degree. Colossal jute factories have been erected in 
Great Britain, in some of which the consumption of 
jute exceeds 500 bales every week, and in two or three 
factories 1,000 bales per week. The various descrip- 
tions of lute g^oods manufactured in these factories are 
baggings, «a«Lgs, Hessians, sheetings, ducks, carpet- 
ing, &c. The major portion of the jute cloth is made 
of yam in the green or natural state ; but in many sorts 
the yam is bleached, dyed, and finished. Besides fabrics 
composed wholly of jute, many sorts of unions are made 
by incorporating with jute, cotton, woollen, flax, and 
tow yams. The jute yams used for carpets are of 
varied colours, and are sometimes used in conjunction 
with cocoa fibre. Even the Brussels, or velvet, carpet is 
imitated with success in appearance, but not in durability. 

For many years all the jute consumed in Great 
Britain was worked up in Dundee, but the manufacture 
is now extending in Glasgow, Manchester, London, and 
other cities. In Dundee alone nearly 50,000 tons are 
manufactured into bags and sacks annually, the raw 
material of which is exclusively supplied by India. 

In France, jute spinning and wearing are also carried 
on, where the consumption amounts to about 10,000 
tons. In the United States this manufacture has been 
progressive, notwithstanding that labour there is even 
dearer than in England. 

In the mother coimtry of jute — ^Bengal — ^where it has 
been manufactured for hundreds of years even before 
its very name was known in Great Britain, no progress 
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has been made. There are about half a dozen jute 
factories near Calcutta, for spinning and weaving jute 
by improved English machinery ; but these factories 
have been erected only recently, by the enterprising 
Britons, thousands of miles from their homes. The 
honour of introducing improved machinery for jute is 
due to them. 

The establishment of 6team jute factories in Calcutta, 
remarks a Dundee manufacturer, has not hitherto had 
an injurious effect upon the trade in Dimdee. The 
goods they manufacture in Calcutta and its neighbour- 
hood, have come more into competition with the pro- 
duction of the native looms, as they have been chiefly 
used for bags for rioe and other produce of the country, 
which was formerly shipped in gunny cloth made by 
hand. The consumption of cloth for bagging is im- 
mense, and constantly on the increase. The manufac- 
turing establishments at Calcutta are reported to have 
orders always in advance to last them for months, and 
have yielded a handsome return to the proprietors. In 
Bombay, where bagging is so largely consumed for 
cotton bales,. linseed, and other produce, the ^r5^ jute 
factory is expected to work in a short time. 

Jute, simn, hemp, and flax, are spun on machinery 
on the same principle, but with differences in size and 
proportion, and in other minor details. Flax fibres con- 
tain a large quantity of gum, and there is a great 
resistance in spinning it. The fibres of hemp are in- 
ferior to those of flax, and more difficult to spin ; while 
jute, besides being very cheap, is also freely spun, and 
this accoimts for the very rapid progress of the jute 
manufacture in Great Britain, compared with linen or 
hemp. 




MANUFACICBING PROCESSES. 

(1.) Oiling. — In jute factories in England, after 
cutting open the closely-packed jute from the bales, it 
is spread out ; oil and water are sprinkled on it, and 
allowed to remain in tlie batch for two days. The 
application of oil softens the material, makes it more 
pliable, and gives it a better spinning property. Then, 
in some factories, it is taken to a softening machine, 
and pressed between roUera heavily weighted ; but in 
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several factories the softening machine is not used, the 
jute being taken direct to the breaker-card machine. 

(2.) Breaker and Finisher Cards. — The jute is first 
passed through the breaker-cards, consisting of rollers 
with teeth, the main cylinder of which is four feet in 




diameter. The teeth strike the jute and tear it up, and 
a silver or ribbon of jute is formed. The finisher-card 
continues the same operation as the breaker-card, but 

the teeth of the card-clothing are finer and more closely 
set. The slivers of jute are led off at the side of the 
finisher- card, where they are deposited in cans. 

(3.) Dramng Frame is similar in principle to that 
used in the cotton manufacture. In this machine a 
number of jute slivers are drawn out repeatedly, which 
increases the length and diminishes the thickness of 
each sliver. There are the first and second drawing- 
frames, which are in principle the same. The object of 
the second set is still to reduce the thickness. At one 
end of the machine is a can full of slivers brought from 
the finisher-card. By the drawing- rollers the sliver of 
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Jnte is taken into the machme, and after passing under 
other rollers moving at different speeds, me sliver faJla 
into another revolving can opposite. 

(4.) Rtmng Frame. — This machine is for the pnrpose 
of giving a slight twist, and of winding jute slivers 
upon bobbins, preparatory to spinning. The improve- 
ments lately introduced in cotton roving- frames for 
giving a permanent and independent support to each 




spindle, and in maintaining a perfect steadiness of 
action at a much higher velocity, have also been applied 
to jute roving- frames. The can of sliver is brought 
from the second drawing-frame to the roving-frame, 
where it is twisted and wound upon wooden bobbins. 

(5.) Dry Spinning Framea. — On these frames jute 
yams are spun into either weft or warp for weaving. 
It is called dry spinning, because in spinning-frames 
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made on the aame principle for linen, water is used, as 
flax yarns require to be wetted in order to render them 
more pliable and eaay to twist. Water is contained in 
a trough, which is supplied to the roller by the capillary 
attraction of a piece of cloth immersed therein. 

The frames for spinning jute \ery much resemble 




the throstle used in cotton spinning. The speed is from 
3,000 to 4,000 revolutions per minute. When the 
operation of spinning is finished, the thread is perfectly 
formed. 

{6, 7, 8.) Winding, Beaming, and Pirning Machines. 
— The winding-machine is for winding the warp yams 
on large bobbins ; the beaming-machSne to wind the 
yarn on beams for the purpose of placing it on looms 
for weaving ; and the piming-machiue to make cops or 
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pirns for the shuttles. All this prepaiatory maclimery 
IS required for the purpose of weaving the spun yams 
in the loomB. The shuttle containing the weft yam is 
much larger and stronger than that used iu cotton looms. 
(9.) Looms. — The jute-looms for weaving sackings, 
gunny bags, and other coarse fabrics, plain or twilled. 




are much stronger and heavier than calico looms. 
There is a contrivance in the loom for making a proper 
shed for the very large shuttle used, and also for 
reducing the chance of breaking the warp threads. 
There are looms made with more than one shuttle, for 
throwing variously* coloured wefts for jute carpets, and 
such other fabrics, which are also manufactured exten- 
sively in Dundee. The loom for making sail-cloth is 
similar in piinciple to that of jute. 
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ESTIMATE FOR A JUTE FACTORY. 

Machinery aa shown on Flak H. 

£ 
2 Shell-breaker cards, cylinders 4 by 6 feet, 48" on wire, com- 
plete, with all fittings, and card clothing .... 523 
4 Finisher-cards, cylinders 4 by 6 feet, 48" on wire, complete, 

with card clothing 1,344 

4 First drawing-frames, 2 heads of 4 bosses each, with patent 

lowering motions 860 

4 Second drawing- frames, 2 heads of 4 bosses each, complete . 360 

4 Regulating roving-frames, 48 spindles each, complete . . 1,380 

10 Double £ry spinning- frames, 128 spindles each, complete . 2,730 
2 Shell- breaker cards, cylinders 4 by 6 feet, 48" on wire, with 

card clothing, complete 523 

4 Finisher-cards, cylinders 4 by 6 feejt, 48" on wire, complete . .1,344 

4 First drawing-frames, 3 heads of 4 bosses each, complete . 523 

4 Second drawing-frames, 2 heads of 4 bosses each, complete . 425 

4 Regulating rotary-frumes, 48 spindles each, complete . . . 1,175 
6 Double dry spinning-frames, 108 spindles each, complete . 1,518 

5 Winding-machines, 3 beaming-machines, 400 bobbms each ; 

4 piming-machines, 60 spindles each, to make cops, com- 
plete . . . . . . . . . . . 1,202 

50 Patent looms for heavy sacking, 36" reed space, with positive 

taking-up motion, yam beams, flanges, complete . . 1,335 

50 Patent looms for gunny bagging, very strong, and similar 

to the above, complete 1,450 

If required for twilled sacking and bagging, add for 100 looms 250 

Accessories and extras, consisting of 50 yam beams, 12 beam 
stands, 4 drawing-in frames, 300 shuttles, 100 gross bob- 
bins, 100 gross pirn heads, 150 pair pickers, &c. . . 540 

2 Steam-engines, both condensing, one with cylinder 33", stroke 

5 feet, and one 16 J", stroke 2 feet 8 inches, with fly-wheels, 
governors, condensers, air-pumps, and all fittings, com- 
plete. — 2 wrought-iron boilers, 26' X 6' 6", with 2 flues, 
with aU mountings, complete. — Gearing, shafting, pulleys, 
fixings, &c., complete 3,700 

£20,682 
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DIMENSIONS OF A JUTE FACTORY. 

Maehimry as sTioum on Plan H. 
Scale, 48 feet = 1 inch. 





Length, 


Breadth, 


Square 


Height, 


Cubic 




feet. 


feet. 


feet. 


feet. 


feet 


Front winff, contain- \ 












ing store-room for f 
rawmaterialjware- ( 
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46 


5,704 


12 


68,448 


house, entrance . / 












Offices over top story 


50 


46 


2,300 


10 


23,000 


Side wing, contain- \ 












ing preparation f 
and spinning ma- ( 


211 


84 


17,724 


12 


212,688 


chinery . . . . / 












Intermediate wing, \ 
containing prepa- > 
ration for weaving ) 
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55 


7,095 


12 


85,140 












Side wing, contain- | 
ing 100 looms . . / 


211 


56 


11,816 


12 


141,792 


Engine-house for ^ 
spinning . . . ) 


58 


20 


1,160 


14 


16,240 






/ 




7 


Engine-house for \ 
weaving . . . j 


27 


16 


432 


14 


6,048 


Boiler-house. . . 
Total of square fe< 


40 
Bt and ci 


27 
ibic feet 


1,080 


10 


10,800 


47,311 


564,156 
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REMARKS ON JTJTE FACTORY. 

The estimate shows the cost of machinery for a jute 
factory of moderate size, consisting of about 2,000 
spindles and 100 looms. Near Calcutta three jute 
factories have been in active operation for several years 
past. The Borneo Jute Company, with the extension 
they have made, is working 3,500 spindles. The first 
jute factory in Bombay, called George the Third Jute 
Spinning Cotnpany, owing to the monetary crisis of 
1866, went into liquidation even before it commenced 
to work. 

The spinning machinery as shown on plan is arranged 
in two distinct divisions for weft and warp to spin yams 
7 to 24 lbs, and is quite ample to supply yarns for the 
looms. If this arrangement of machinery in two divi- 
sions be not approved, that one adopted for the cotton 
mill machinery may be easily substituted in its place. 

The manner of counting jute yams is quite different 
from that of cotton. The heavier yarns are the higher 
nimabers, just the reverse of cotton yams. 

The weaving machinery, consisting of 100 looms, is 
adapted for weaving gunny bags and sackings. For 
twilled sacking, twilling motions are required in looms, 
for which an extra charge is made, included in the 
estimate. 

There are two separate steam-engines provided, one 
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for driving the spinning machinery, and the other for 
driving the looms, which arrangement is in some re- 
spects preferable ; however, it will be a simple thing to 
drive all the machinery by one engine if desired. As 
the total amount of horse -power required will remain 
the same, it matters little if the machinery is driven by 
one engine or two. 

The production from 100 looms will be according to 
the fabric to be produced ; the coarser the fabric, the 
larger the production will be. 

The buildings for the factory consist of four wings, 
connected with each other. The machinery is all 
arranged on the ground floor. Over the entrance for 
the passage of goods and the store room is an upper story 
for offices, which will give a pretty effect to the entire 
building. The plan is so arranged that in case of a 
small extension there will be room for additional ma- 
chinery, without increasing the size of the buildings, 
which, if not desired, can be proportionately diminished 
in the first instance. 

The cost of machinery amounts to somewhat above 
£20,000. The total cost, including the necessary build- 
ings and erection of machinery in complete working 
order, may be put down in round figures at £40,000. 

The accounts of the Calcutta jute factories have not 
been published; they are kept secret for trade purposes. 
However, from the extensions they have made to their 
works, and from other reasons, there is no doubt that 
these companies have declared handsome dividends. 
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QUANTITY AND VALUE OF JUTE AND JUTE BAGGING 

EXPOKTED FKOM INDIA, 

Fob each of the Yeabs ending Afbil 30th.* 



Year. 


Jute. 


Value of Jute. 


Bafrging: 
value. 




CwtB. 


£ 


£ 


1866 


1,638,174 


1,499,533 




1865 


2,120,813 


1,793,029 


102,858 


1864 


2,513,887 


1,507,035 


111,207 


1863 


1,266,884 


750,456 


131,628 


1862 


1,232,279 


537,610 


186,845 


1861 


1,092,668 


761,201 


359,343 


1860 


761,201 


290,018 


333,977 


1859 


317,890 


525,090 


392,424 


1858 


788,820 


303,292 


217,194 


1857 


673,416 


274,957 


376,252 


1856 


882,715 


329,076 


302,388 


1855 


699,566 


229,241 


215,335 


1854 


509,507 


214,768 


174,790 


1853 


349,797 


112,617 


231,159 


1852 


535,027 


180,976 


287,411 


1851 


584,461 


196,936 


160,397 



From Statistical Abstract presented to Parliament, 1867. 



QUANTITY AND VALUE OF JUTE BAGS EXPORTED 

FROM GREAT BRITAIN. 



Year. 


Quantity. 


Value. 




Dozens. 


£ 


1866 


1,338,184 


675,740 


1865 


1,137,862 


696,291 


1864 


971,871 


749,422 


1863 


894,436 


555,282 


1862 


802,095 


388,724 


1861 


642,848 


307,583 


1860 


623,752 


293,593 



SILK MANUFACTURES. 



INTKODUenON. 



TuBBE are few things moro 
wonderful than the mighty 
results frequently brought 
about by very small and ap- 
parently inadequate means. 
Few objects can appear more 
insignificant than the silk- 
worm; yet, by the united 
labours of nullions of these 
creatures, the raw silk is 
made, the trade in which 
amounts every year to mil- 
lions of pounds sterling, 
and enables man to weave 
beautiful fabrics from it. 

In China, even more than 
two thousand years before 
the Christian era, this va- 
luable insect was made ser- 
viceable to man. From that 
country the art of rear- 
ing the silkworm passed 
into India and Persia ; and 
up to this day China, India, 
and other parts of Asia 
supply to Great Britain and 
other European countriGB 
the bulk of the raw material- 
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The silk manufacture is now a source of wealth to 
European nations, though it was only at the be- 
ginning of the sixteenth century that the eilkworm 
was introduced into Europe. Two priesta brought some 
eggs from China to Conatantinople, from which place 
the art of rearing the silkworm spread into Greece, 
Italy, and France. The mulberry tree, on the leaves 
of which the silkworm is fed, and which is a native of 
China, was first planted in France in the year 1564, 
and thence propagated into other parts. France, so 
famous now for the excellence and beauty of its silk 
goods, produces a large quantity of raw silk, but it 
consumes all it produces, and the deficiency is made 
up by importations from China and India. 

The silkworm is subject to many changes. The egg, 
which is smaller than a grain of mustard seed, sends 
forth a caterpillar, which as it enlarges casts its skin 
three or four times. In the course of about a month 
it acquires its full size, leaves off eating, and begins to 
discharge a secretion from its head, like a common 
spider. This secretion hardens into silken lines, which 
are coiled instinctively into a nest round the worm 
itself, and which is called a cocoon. 

The caterpillar re- 
mains working within 
the cocoon, spinning 
its beautiful threads 
I its body dimi- 
nishes one half. The 
cocoon being com- 
plete, the worm trans- 
forms, and after a week emerges in the form of A 
perfect winged insect, the siUc-moth. In . order to 
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escape tbe cocoon, it moistens the interior wifib a 
liquid, disaolves the gum that holds tbe silken lines 
together, and escapes. 
At this time the male 
and female moths ecu 
pie together. The in 
sects have a short life 
and only one object to 
accomplish — a con 
tinuation of the species 
'The female moth lays 
her egg in two or 

three days and then dies. The eggs can 
preserved in a low temperature. If the heat 
advances rapidly at an unusual season, it is not 
allowed to act on the eggs, otherwise the cater- 
pillars become hatched before new leaves appear on the 
mulberry trees to feed them. In France, in large 
establishments, the eggs are placed in large apartments, 
and where the heat is every day gradually increased 
till it reaches a certain point; then the eggs are 
hatched together in large broods, and nature com- 
pletes her mysterious work in a short time. The 
newly-hatched worms feed on tender mulberry leaves 
strewed on a piece of paper. 

In the French settlements in India, experimental 
establishments for rearing improved species of silk- 
worm have been erected ; eggs and cocoons have been 
transmitted from India, Persia, and China to France, 
and the worms have fed well on the oak leaves of the 
forests. The French Government have from time to 
time also offered large grants of money for improving 
the race of silkworms. By improved plans they have 



132 SILK MANUFAGTUBES. 

succeeded in obtaining a kind whicli yield large and 
equal-sized cocoons of a pure white colour, the silk oi 
which is equal in all its length, strong and shining. 
From the ordinary species about eight pounds of reeled 
raw silk is obtained from one hundred pounds of co- 
coons. In England, the rearing of the silkworm hat 
been tried, but on account of the cold winds it has nol 
succeeded commercially. 

There are several species of silkworm known ii 
India. No less than thirty are fully described by Mr. 
F. Moore, in his " Synopsis of Asiatic Silk-Producinj. 
Moths." The Tusseh silkwprm is the most common 
species in Bengal. Millions of its cocoons are annually 
collected. The fabric woven in Bengal, chiefly a 
Midnapore, from this silk, is called Tassar cloth, and i 
of very strong texture. The female cocoons ari 
heavier and rounder than the males, and a due propor- 
tion of the finest cocoons of each sort is preserved foi 
the production of eggs. The worms feed chiefly ou 
the leaves of the castor-oil plant. The Chinese and 
also the European cocoons are much larger than those 
of India. Mr. Bashford, of Sirdah, attempted to 
enlarge the native cocoons by crossing the Indian silk- 
moths with the European varieties. He obtained 
several mixed breeds, much larger and stronger than 
the ordinary Bengal stock, producing beautiful cocoons. 
The best silk in the world is that obtained from the 
Chinese cocoons. China still sends to Great Britain 
its imfailing supply of Tsaltee. Bengal still furnisher 
a large cunount of raw silk, and also silk an its manu* 
factured state, but of inferior quality to that of China. 

The principal crop of cocoons in India is assortec' 
according to quality. The life of the worm enclosei 
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.n the cocoon is destroyed bj' heat, and the floss silk 
over the cocoon is removed. After being placed in hot 
water, the gum softens, and a number of loose ends are 
reeled from the cocoons together. In France this is 
done by improved mechanism in a very ingenious 
manner, without any waste. The reeled silk is made 
up into hanks and bundles for the market. Its form 
and qoality differ in the several countries. The colour 




in the native state is generally a golden yellow, but 
some varieties of silk are perfectly white. A thread of 
silk Is three times stronger than one of flax, and twice 
stronger than hemp of the same diameter ; in fact, it 
is the strongest of all the textile fibres. The production 
of raw silk is an important branch of industry, open for 
inture skill and exertions in many parts of India ; and 
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the duty of the English Government is to go on en- 
couraging it by every possible means, as they are doing 
in France. 

At one time a disease, mysterious as the cholera, 
having destroyed myriads of worms in the silk-producing 
countries of Europe, millions of eggs were exported 
from Asia to Europe, where by crossing the enfeebled 
breeds a supply of silk larger in quantity and. better in 
quality was obtained. 

The manufacture of silk goods was commenced in 
Europe only in the sixteenth century. For several 
years everything was done by hand, as it is up to the 
present time in India and China. It was in the year 
1716 that the first silk mill moved by water power was 
erected in England. A large number of skilful French 
weavers settled in England during the persecutions in 
France, and the silk manufacture made more progress. 
So late as 1838, at Coventry, the highest authorities in 
the trade decided that a good silk ribbon could never be 
made by steam so well as by hand. But events proved 
that even the highest authorities had to learn the direc- 
tion in which their true interest lay. In the twenty 
years between 1838 and 1858, the steam factory system 
developed itself with continually increasing rapidity 
and energy; and the application of steam, first pro- 
nounced impossible and unprofitable by practical men, 
was found to be an inevitable necessity even in ribbon 
manufacture. One manufacturer after another adopted 
the factory system, and erected larger works and more 
effective machinery. Silk factories were established at 
Coventry, Spitalfields, Macclesfield, Manchester, and in 
other towns. There are now more than five hundred 
silk factories in Great Britain, in which a variety of 
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goods to suit the tastes and pecuniary means of nearly 
all grades of civilised and semi-civilised people are 
manufactured. In these factories more than 6,000 horse- 
power is employed, and a capital of about £60,000,000 
sterling invested, giving employment to nearly 1,000,000 
persons. 

In France a large capital has been invested in the silk 
industry, and its manufactures have attained such per- 
fection that their superiority in taste mnd execution has 
not been even disputed by the English. The French 
have one advantage' over the English, that they produce 
on their own soil a large portion of the raw material. 

China and India produce beautiful silk goods, but by 
slow- processes and by manual labour. What gives 
advantage to the European manufacturer is the applica- 
tion of steam-power and improved machinery for spin- 
ning and weaving, whereby economy of labour and 
expense is effected, rendering the article cheaper and 
more accessible. 
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MANrPArrrRiNQ 

(1.) Winding Machine. — The hanlcs of raw silk, aa 
made up in Bengal and China, direct &om the cocoona, 
in continuous lengths, are stretched in the English silk 
factories upon eix-sided reels, called swifts, ty which 
the silk is transferred from the hanks to bobbins. 
Should the silk in winding be entangled, the bobbins 
ore stopped without breaking the thread, till the silk 
has been examined and recti&ed. The winding ma- 
chines for China and Bengal silk differ somewhat in 
size. 

(2.) Clearing Machine. — The bobbins from tbe wind- 
ing machine are removed to this machine, the object of 
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which is to remedy the irregularities and knots in the 
thickness of silk by passing it between the edges of 
a steel clearer. Each thread is passed from its bobbin 
through the clearer to another bobbin. Sometimes this 




cleaning is affected by passing the silk threads between 
two steel rollers, adjustable by screws. After the 
silk has undergone the process of cleaning, it is ready 
for the spinning machine. 

(3.) Spinning Machine. — This twists the single thread 
BO as to give it strength and elasticity. It consists of 
upright spindles on each side of the machine, arranged 
in two or three tiers ; but the three-tier machine being 
very high, is inconvenient to work. The bobbins of 
silk Irom the clearing machine are placed on the up- 
right spindles in such a way that, whilst each spindle 
is rapidly rotated, the thread is being drawn off and 
again distributed upon another bobbin placed borizon- 
tally. These machines have the usual arrangements 
of change wheels to put the required twist per inch 
into the thread. 

(4.) Doubling Machine. — This winds and lays evenly 



BILK HANUFACTUBES. 



together two or more tlireads of silk from the spio' 
ning machine upon a single bobhin. An ingeniouA 
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device is employed to stop the winding-on, the moment 
one of the threads happens to break. The girl who 
attends to the machine pieces-up the broken thread, 
and sets the machine in motion again. The ends of 
silk from the bobbins of the spinning machine are, 
according to the sort of work required, wound in this 
machine in one cord or strand, and it is essential that 
this strand be laid evenly, with an equable amount of 
tension. 

(5.) Throwing Machine. — On this the doubled threads 
are twisted together, their bobbinB revolving on upright 
spindles as in the spinning machine, and making from 
3,000 to 4,000 revolutions per minute. The spun threads 
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are woimd on reels into hanks ready for the dyer. As 
each reel ia filled, it gives notice by striking a bell. 




Silk is sometimes thrown by means of the spinning 
machine only. Where all the operations of spinning 
silk are carried on, the place is sometimes called a 
t/tronnnff mill, 

(6.) Glossing Machine ia designed to stretch the dyed 
silk, and gives a gloaa to it, which was formerly done 
by hand. The silk yam ia confined in a steam-tight 
case. By the direct action of steam, the silk is tho- 
roughly saturated, when it is stretched by the pressure 
applied to the piston. The machine is made especially 
for silk, which can be stretched a tenth of its length. 

(7.) Soft or Dyed Silk Winding Machine.— Thi& isior 
the purpose of winding the silk that has been dyed. 
The silk thread is wound from the dyed hank on 
bobbins malf^g 200 turns per minute, in readiness for 
warping or for putting into shuttle-pirns for weaving 
in the loonLS. 
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(8.) Jacquard Loom for facing goods has now en- 
tirely superseded every other for producing figured 
work in the loom. The Jacquard apparatus, named 
from a Frenchman who invented it, is an addition to 
the power loom, and is a very ingenious mechanism for 
raising certain threads of the warp in a certain prede- 
termined order, so that on throwmg the shuttles, each 




containing a different colour in a certain order, a figured 
pattern shall be produced. Since Jacquard invented 
it, a good many improvements in detail have been 
made, which have been found of essential service in cer- 
tain classes of weaving. Change in design or pattern 
is made without any difficulty. 
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ESTIMATE And dimensions. 
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ESTIMATE FOR A SILK FACTORY. 

Machinery as ahoum on Flan I. 

8 "Winding machines, 608 spindles, pitch 6J", complete . 
6 Clearing machines, 380 spindles, pitch 6' , complete 
8 Spinning machines, 1,636 spindles, pitch 5", complete . 
3 Doubling machines, 328 spindles, pitch 6", complete 
3 Throwing machines, 576 spindles, pitch 5", complete 

1 Reel for dyed silk; 1 steam stretching suod polishing 

machine 

2 Warping mills ; 1 bearing machine, complete 

102 Looms, 36 inches reed space, complete { 102 Jacquard 
machines, complete 

1 Horizontal steam-engine, 25 horse-power, boilers, shafting, 
gearing, &c., extras, packing and free delivery on board . 



£ 

182 
152 
485 
97 
207 

110 
76 

1,316 

1,460 

£4,085 



DIMENSIONS OF A SILK FACTORY. 

Machinery as shown on Plan I. 
Scale : 32 feet =«= 1 inch. 



Raw silk room . . 
Spinning-room . . 
reparation weaving 
Weaving looms . . 
Making-up room . 
Warehouse . . . 
Offices, &c. . . . 
Timekeeper's room 
£ngine and boiler-house 



Lenftth, 
feet. 



50 
105 
42 
162 
24 
31 
32 
16 
45 



Breadth, 
feet. 



27 
53 
50 
44 
33 
36 
36 
33 
45 



Square 
feet. 



1,350 
5,565 
2,100 
7,128 

792 
1,116 
1,152 

528 
2,025 



Height, 
feet. 



12 
12 
12 
12 
12 
12 
12 
12 
10 



Cubic 
feet. 



16,200 
66,7«0 
25,200 
85,536 

9,504 
13,392 
13,824 

6,336 
20,250 



Total of square feet and cubic feet 21,756 



257,022 
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REMARKS ON SILK FACTORIES. 

Silk machinery is very simple. As the silk thread is 
made by the silkworm, no preparatory machinery is 
required as for cotton, jute, &c. 

Throwing mill means a factory where silk is pre- 
pared for weaving by converting it into three forms, 
known as singles, tram, and organzine. Singles is 
formed by simply twisting the filaments of raw silk to 
give firmness to the texture. Tram is usually made 
from inferior silk, by twisting together in one direction 
two or more threads. 

Weft for common and flowered silks, velvets, &c., is 
formed of trarriy by slightly twisting together in one 
direction two or more filaments of singles, usually 
made from common silk, which spreads in weaving. 
Warp for silk goods is made from organziney or silk 
cleaned, spun, doubled, thrown, and considerably 
twisted, so as to resemble the strand of a rope. It is 
made by twisting together two or more singles or 
tram in such a manner that the twist of the combined 
thread shall be in the opposite direction to the twist 
given before, which prevents it untwisting. As organ- 
zine is twisted hard^ it is used as warp for best silk 
stuffs. 

Hard silk is that in which the natural gum is left in 
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it. Sqfl silk means that the gum has been removed b j 
scouring. Floss silk consists of shorter broken threads, 
waste, &c. It is cut, carded, and spun in England like 
cotton, for inferior silk goods. 

The quality of silk is determined by first winding a 
certain quantity round a drum, and then weighing it. 
The weight is expressed in grains, twenty- four of which 
constitute one denier. Twenty-four deniers make one 
ounce, and sixteen ounces one pound. 

Raw silk absorbs moisture, and is increased ten per 
cent, in weight thereby. This property leads to fraud, 
which, however, maybe detected by enclosing a certain 
weighted portion of suspected silk in a wire-cloth cage, 
and"" exposing it to heat for a certain number of hours 
with a current of air. The loss in weight shows the 
amount of fraud. At Lyons, in France, a place famous 
for its silk factories, there is an office established by 
Government where this assay of silk is made. The law 
of France requires that all the silk tried by this office 
must be worked up into cloth in that country. 

The Plan I of Silk Factory shows arrangements 
for 1,500 spinning and 560 throwing spindles, with 
100 Jacquard looms for weaving j^e^r^rf silks. Gauze- 
weaving and satin-weaving can be performed on a loom 
for plain weaving ; but for figured silks, a Jacquard loom 
will be necessary. A Jacquard can be applied to any 
plain loom, and costs about £10. Machines have been 
devised to do all the operations of silk-spinning in one ; 
but different speeds being necessary, there is a great 
waste and also increased cost in wages ; so the plan 
most commonly adopted is to have distinct and separate 
machines for each operation required in a silk factory. 
On plan, in the spinning-room, two rows of machines 
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are shown, driven by two shafts, but one row would be 
preferable if there is room. 

Steam is more advantageously employed in the 
manufacture of coarse and plain goods than in that oi 
very fine goods. The motive power required for silk 
machinery is much less than for cotton, jute, or other 
textile fibres. A steam-engine of ten nominal horse- 
power will drive all the spinning and preparation 
machinery, as shown on plan, and an engine of fifteen 
horse-power will drive 100 looms. 

The estimate for the silk machinery as shown on 
Plan I, amoimts to £4,000. The total cost of the silk 
factory, including buildings, fitted up complete, may be 
put down at about £9,500. It will be reduced by half 
if the number of looms be limited to fifty, or otherwise 
proportionately less by having fifty Jacquard looms, 
and fifty ordinary looms for plain weaving, instead of 
100 Jacquard looms as provided in the estimate. In 
some places it may be convenient to spin the silk direct 
from the cocoons in the factory, in which case some of 
the machines specified will not be required. 
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EXPORT OF SILK FROM INDIA.* 



Tear. 


Raw Silk. 


Value. 


Goods — rvalue. 




lbs. 


£ 


£ 


1865 




1,166,901 


106,612 


1864 


1,369,556 


954,649 


115,465 


1863 


1,228,684 


822,892 


165,136 


1862 


1,101,844 


686,083 


168,806 


1861 


1,955,656 


1,036,728 


134,831 


1860 


1,670,953 


817,863 


191,609 


1859 


1,217,438 


726,655 


213,108 


1858 


1,580,463 


766,673 


168,224 


1867 


1,756,778 


782,140 


281,450 


1856 


1,521,765 


707,706 


341,035 


1855 


1,195,310 


600,106 


263,463 


1854 


1,693,125 


640,451 


326,571 


1853 


1,411,536 


667,646 


315,196 


1852 


1,469,291 


688,640 


266,384 


1851 


1,325,901 


619,319 


365,223 



(Silk goods, manufactures of India, consist of bandanas, corahs, chopas, 

Tussore cloths, romals, and taifeties.) 



RAW SILK IMPORTED INTO GREAT BRITAIN FROM 

INDIA AND CHINA.f 



Year. 


Overland, 
via Egj'pt.J 


From China. 


From India. 




U.S. 


lbs. 


lbs. 


1866 


3,406,898 


108,201 


123,661 


1866 


6,054,364 


136,652 


183,224 


1864 


3,401,116 


461,357 


167,774 


1863 


4,779,543 


1,696,882 


208,029 


1862 


5,434,786 


3,267,044 


469,985 


1861 


4,224,665 


2,348,578 


136,505 


1860 


6,768,601 


2,186,742 


60,985 


1869 


6,289,773 


3,055,262 


331,488 


1868 


3,652,617 


2,011,186) 


inolnnoH iti 


1857 


4,678,415 


6,664,632 > 


overland 


1856 


3,124,778 


3,722,693 ) 



♦ From Statistical Abstracts presented to Parliament, 1867. 

t From Board o! Trade Returns. 

t Overland via Egypt, in transport from India, China, and Japan. 




INTRODUCTION. 

StJQAR is consumed throughout the whole world in 
Bome form or other. In Great Britain the reTenae 
derived by duties imposed on this one single article 
amounts every year to more than £5,000,000, Sugar 
has grown into extensive demand, and the imports 
into the United Kingdom from India, Mauritius, China, 
Java, and other sugar-growing countries, are enormous. 
The importance of sugar, therefore, cannot be too 
highly estimated, both as regards its culture and pro- 
duction in India and other countries, and its manu- 
facture for local consumption, and for export to Europe 
and America. 

To the inhabitants of India and China, sugar has 
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been known from a very early period. From India, 
the sugar-cane was introduced into Arabia, Egypt, and 
other Western parts of Asia, and then into Europe, 
where at first it was used for medicinal purposes alone 
for many years. A physician described sugar as 
Indian salt, and recommended that a piece be kept in 
the mouth during fevers. By the Greeks and Romans 
it was called by analogous names ; and they obtained 
it at enormous cost from India. In Spain, it was in- 
troduced by the Moors. The Portuguese planted the 
sugar-cane in America, soon after that continent was 
discovered. From Brazil it was transmitted to Barba- 
does, from which island at present large quantities 
are shipped to Great Britain every year. Thus the 
culture of the sugar-cane spread from one country to 
another adapted for its cultivation. 

When sugar became employed in Europe in sweeten- 
ing food and beverages, its consumption was inconsider- 
able, being made use of only in the houses of the rich 
and great ; but with the introduction of tea, coffee, and 
chocolate, sugar came into general demand. 

There are several sugar-producing districts in the 
Bengal and Madras Presidencies, and the export of 
sugar forms an important item of commerce with other 
countries. In India, sugar is also obtained from the 
date palm-juice. There is a caste in India who 
make sugar from the kital-tree, which is called ^o^^^. 
There are several sorts of cane cultivated in India, pro- 
ducing good sugar. The China cane is very hardy, 
and gives out as many as thirty shoots. Penang, 
Singapore, and the Straits settlements, produce excellent 
cane, yielding large quantities of sugar per acre. 

Beetroot sugar is largely manufactured in France, 
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and other countries of Europe, but not in England. 
The history of this industry is important, as pointing 
out one of the means by which the resources of a 
country may be developed, and showing how science, 
when applied successfully, promotes manufactures and 
commerce. At the commencement of the present century, 
Napoleon Buonaparte, during the wars, closed all the 
ports, and excluded cane-sugar produced in the English 
colonies. He demanded of his learned men the means 
to produce sugar on French soil. The attempt made 
slow progress at first. When sugar was produced from 
beetroot, it was not of good quality, nor the price 
satisfactory. Large premiums offered by the Emperor 
Napoleon induced the chemists and scientific men of 
France to exert their skill; an Imperial factory was 
erected ; skill and intelligence were brought to bear on 
the subject, and the result was complete success. It 
is now a thriving and increasing industry, not only in 
France, but in almost all parts of Europe. Within 
the last thirty years hundreds of factories for produ- 
cing sugar from beetroot have been erected in France, 
Belgium, Austria, Prussia, and Russia ; and thousands 
of tons are manufactured annually to meet the local 
demand in those countries. What is more, France is 
sending to England sugar made from beetroot, which 
comes into competition with cane-sugar sent from India, 
Mauritius, and other colonies. In 1866, in France, 
there were 439 beetroot factories, which produced 
82,556 tons ; and in Russia there were 424 factories, 
which produced 26,519 tons of raw sugar. Such has 
been the result of the progress of improvement in Europe. 
In the mother country of the sugar-cane not one step 
forward has been taken in its manufacture for centuries. 
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To squeeze the juice from the canes in several parts 
of India, two small wooden rollers close to each other 
are employed. Another form of sugar-mill is on the 




principle of a mortar and pestle. , The pestle is rubbed 
against the canes (cut into thin slices beforehand) — a 




troublesome operation. The moving force is two oxen. 
The preasure is so imperfect, that a large amount of 
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juice is left, thus causing a loss at the very outset. 
The juice is boiled in pans heated over an open fire, 
and is made into goor by the poor cultivators. This 
goor is purchased by persons whose business it is to 
remove impi^rities from it and produce sugars of 
various qualities, known by the names of Khur, Doloo, 
Gurpatta, and Dobarah, and exported in large quan- 
tities to great Britain, and other countries. 

Khur Sugar is made in Bengal by pouring goor 
into coarse gunny bags, and pressing between bamboos 
lashed together, until 30 or 40 per cent, of it is forced out 
in the shape of molasses, or sugar that will not crystallize. 
The residue is Khur. Ninsphool or fine khur is made by 
repeating the above process twice, which causes a further 
portion to be separated. In both sugars a certain por- 
tion of water remains, which renders it liable to sweat. 
Doloo or Dulhoah is made by pouring goor into open 
baskets, holding two or three maunds each ; three inches 
thick of wet grass being placed over the goor, the 
molasses drains through a hole into a vessel placed 
underneath. As soon as the grass is dry, the upper 
part of the goor, deprived of its molasses by draining, 
is scraped off with a knife to a depth of two or three 
inches, and fresh grass is appKed. When dry, a fur- 
ther portion of sugar is scraped off ; and this process 
is repeated till the basket of goor is emptied. The 
scraped off sugar is placed on mats in the sun to dry. 
When well made, Doloo is dry, light, and sand-coloured. 
From a given quantity of goor, 30 to 40 per cent, of 
this kind of sugar is produced. The resulting mo- 
lasses, with a small portion of sugar, are melted and 
boiled, and an inferior dark-coloured goor is produced. 
Doloo keeps well in dry weather, but not in wet. 
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Puckha Cheena or Gurpatta is the refined sugar of 
India. It is made by boiling khur with potash temper, 
which removes the impurities. After skimming, it is 
filtered through a cotton cloth and boiled, then poured 
into earthen pots, and as it cools it forms crystals of 
white sugar. The syrup which drains from the pots 
is boiled with fresh goor, and an inferior sugar is pro- 
duced called Jerannee, Gurpatta sugar is bright, clean, 
and dry, and keeps well. The yield from three maunds 
of good goor is twenty seers of Gurpatta, ten seers of 
inferior Gurpatta, ten seers Jerannee, one maund twenty- 
eight seers molasses, and loss twelve seers. Dobarah is 
of superior quality to Gurpatta, being good white, dry, 
and well crystallised sugar, and is made from Doloo 
instead of Elur. It resembles the crushed refined 
sugar of European manufacture. 

The juice when expressed from the canes is opaque, 
frothy, and of a yellowish-green colour, but darkens 
rapidly on exposure to the air ; the amount of acidity 
increases the longer it is kept, and sugar is then lost 
more or less. When boiled, a green scum, consisting 
of impurities, rises, and the liquor becomes of a pale 
yellow colour. But it has been found by chemists that 
slow heat destroys sugar, and heat more than 140° F. 
produces an enormous injury in composition and colour. 
The Indian system of making sugar is, therefore, very 
defective. It produces a small quantity of sugar, and 
abundance of impure goor; hence the cheapness of 
the rude sugar mills and the cheap process are but 
little compensation for the mischief and waste incurred. 

The average amount of juice in 100 lbs. of cane is 
about 60 lbs. But the juice consists of a large per- 
centage of water and other impurities ; only eighteen 



or twenty per cent, is sagar, and in practice no more 
than eight per cent, is extracted in the form of crystal- 
lised sugar. 

While the process of manufacturing sugar in India, 
China, and other parte of Asia, has been quite stationary 
for hundreds of years, in Europe, from its first introduc- 
tion, improvements hare been made from time to time 
in the mechanical and also the chemical processes. In- 
ventions have been introduced for sugar mills, consist- 
ing of heavy iron rollers driven by steam, and extract- 
ing the greater amount of juice ; for heating by high- 
pressure steam, with the advantage of not burning any 
material submitted to its action ; for a new mode of 
communicating heat ; for expelling molasses or syrup 
from the sugar ; for producing a high degree of purity 
and whiteness by charcoal ; for a mode of separating 
molasses and other soluble matters by mechanical pres- 
sure ; for passing heat through a coil of copper pipe 




fixed within the pan containing the sugar solution ; for 
evaporation and concentration of the syrup. An im- 
portant improvement was patented by a medical man for 
removing all the impurities in the cane-juice at once. 
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by salts of lead, and by passing a current of sulphur- 
ous acid. In the first year of his patent he sold a 
fortieth part of it for £2,000. A London refiner of 
sugar, moreover, paid him £1 per ton royalty on his 
produce, about £150 per week ; and thousands of tons 
of sugar were manufactured by this process. But there 
was danger of leaving a poison in sugar if this pro- 
cess was not done well, though it is perfectly capable 
of being done well. For this reason it has been dis- 
couraged and partly prohibited. Another improve- 
ment was that of the centrifugal machine, revolving 
about two thousand times per minute by steam power, 
in which the crude sugar is placed. A few minutes are 
sufficient to separate the white crystalline grains of 
sugar, which are retained inside, while the molasses is 
thrown out. This machine is now extensively used in 
some of the sugar-growing countries, and in England 
in the sugar refineries. 

From repeated experiments it has been found that 
cane juice, if subjected to rapid heat to evaporate the 
water, does not lose its colour, nor its property of 
crystallising. By slow boiling of the cane juice the first 
change effected is the production of grape sugar, which 
cannot be crystallised. By further boiling, the grape 
sugar is decomposed, and a certain black material is 
produced. The injurious effect is in proportion to the 
duration of the heat. The mischief does not end here. 
The black material produced by continued slow heat 
retards again from crystallisation its own weight of 
pure sugar contained in the juice : and the loss of sugar 
is thus very great. It is to obviate this waste of more 
than half the sugar that a machine has been recently 
patented in England, and is working (as far as it 
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has been tried) with satisfactory results in the West 
Indies, in a sugar plantation. This machine claims 
the merit of not spoiling the chemical nature of the 
sugar, or its colour, or injuring the material in any 
way. Moreover, it is simple in construction, and 
economical in fuel. The trash of canes after the juice 
has been extracted in the sugar mill answers for fiiel. 
When the machine is in full action, the cane juice flows 
in continually at one end, and at the other it is as 
steadily removed, occupying no more for its passage 
than fifteen minutes. The product has been called 
^^ concrete,^* and the colour of it is a pale greenish 
yellow. If required for export to Europe for refining 
purposes, the concrete can be cast in blocks of any size, 
and packed in bags. 

Great Britain, owing to its climate, does not produce 
a pound of sugar-cane ; and notwithstanding the fact 
that sugar must be manufactured from the cane juice 
in the countries where it is grown, and that without 
loss of time, yet there are hundreds of sugar refine- 
ries in Great Britain, as well as in all commercial cities 
of Europe. This had solely its origin in the defective 
methods employed in the sugar-growing countries, 
where the fine and white loaf and lump sugar, suited 
for the European markets, was not made. In England, 
in sugar refining, occupation is found for a great many 
establishments for producing loaf sugar, crystal sugar, 
crushed sugar, and also moist coloured sugars. It is 
chiefly carried on in London, Bristol, Manchester, 
Liverpool, Greenock, and Southampton. But Bristol 
is the head-quarters of this branch of industry, where 
there are huge sugar factories. The sugar refining 
works of one firm there, the largest in the world, have 
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cost more than £250,000 ; in whicli more than five 
hundred hands are regularly employed. 

A scientific and also very practical English sugar- 
refiner, who has sugar plantations and sugar factories 
in the West Indies, has stated that the sugar mill 
employed in India is so rude that it must leave a large 
portion of the richest juice in the cane trash ; scarcely 
any machine more miserable can be conceived. The 
manufacture of sugar also is conducted in the most 
primitive manner. 

It has been said that the climate and soil of India, 
and other parts of Asia, are all that can be desired for 
the cultivation of sugar, and that no country holds 
out a better prospect of success in the prosecution of 
this important branch of trade, with improved Euro- 
pean machinery, coupled with science and industry. 
In Asia the manufacture of sugar has been unaided by 
the application of those improved means which have 
so prospered European enterprise. Asia insists on 
standing still, while other nations are making progress. 

The result is that she is poor. 
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MANUFACTURING 

(1.) Sugar Mill has for ita object the extraction of 
the juice from the canes. It consists of Urge heavy 
iron rollers, worked by a steam-engine A sdf-acting 
cane-carrier is used to supply the canes to the mill, 
which facilitates the work. The iron feed-rollers split 
and slightly press the canes, and the other rollers ffive 
the final pressure ; the juice runs down to the mill-Bed, 
while the trash of canes is carried outside. This trash 
is used as fuel, and the ashes as manure for the cane 
plantations. The yield of juice varies according to the 
completeness of the crushing, and the moisture of 
the air. 

(2.) Clarifies. — The juice expressed from the canes 
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contains, besides sugar and water, certain impuritiee, to 
remove which the juice from the bed of the sugar mill 
is conducted to large vessels, called clarifiers, capable of 
holding hundreds of gallons each, and heated by steam 
passing in a coil of copper tubes, regulated at pleasure. 
The impurities liberated in boiling are conveyed to a 
cistern, and there are other contrivances for removing 




the scum and clearing the juice. Thus the juice is 
clarified and partly concentrated ; and the water being 
evaporated, itibrms a sort of syrup, which passes from 
the clarifiers into a receiving tank. 

(-3.) Concreter is a machine which has been recently 
patented for very rapidly condensing the juice. The 
juice runs zig-zag in a continuous stream into a series 
of shallow iron trays of this machine, until it reaches 
the lower end, making a passage in all of 140 feet ; 
and as the trays are heated by a flame from cane 
trash, it boils rapidly aU the time. It is next passed 
into a copper cylinder 20 feet long, turning six times a 
minute, and heated outside by waste heat. A strong 
blast of highly heated air is sent by a self-acting fan 
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througli the inside of the cylinder, covering a snper- 
ficial area of 192 square feet ; and by the drying action 
of the heated air as the juice pasaea tluough, the water in 
a few minutes is driven off, whereby the juice increases 
in density. The syrup is not at all injured or burnt, 
and retains its power of forming crystals of sugar. 

(4.) Vacuum Pan is employed to concentrate the 
syrup to the point required for forming grains or 
crystals of sugar. The more rapidly this is done, and 
the less heat applied, the greater is the production of 
sugar. A solution of sugar will require 230° F. to 




boil ; but if the air (which has a pressure) be removed 
from the pan, it will boil at only 160° F, For this 
purpose an air-pump is attached to the vacuum pan, 
and also a coil of copper steam-pipes for heating. The 
vapour from the boiling solution is condensed by inject- 
ing cold water. There ia a graduated measure to 
ascertain bow much syrup runs into the pan, and an 
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air-tight stick to take out the thick syrup to see when 
the operation is complete, and which varies according to 
the size of grain required in the sugar. 

(5.) Centrifugal Machines are for cleaning and dry- 
ing sugar. The sugar, with the adhering syrup, from 
the vacuum pan, is thrown into the cavity of one of 
these small machines, and is rotated by an engine 1,000 
times in a minute. The crystals of sugar are retained 
in the perforated copper casing of the machine, while 
the syrup-molasses is forced into the outer case. A 
rotation of only a few minutes is sufficient for the 
drying of a charge of sugar, and separating the crystals. 
The machine is then stopped, and the sugar scraped 
out. From the syrup or molasses an inferior sugar is 
made — fine, seconds, or treacle. By means of these 
machines much time is saved in the draining of sugar ; 
they are extensively employed in England, in the sugar- 
growing countries, and in other usefiil manufactures. 

English Sugar Refinery is six stories high. Each 
story is separated into two divisions — one for melting 
and boiling, the other for draining and drying. 

(1.) Baskets or hogsheads of impure colonial sugar 
are lifted by a hoist to the top story, dissolved in a 
pan with water, and stirred mechanically. 

(2.) The dissolved liquor falls below from the pans 
into the filter bags enclosed in a case, and the insoluble 
matter in the sugar is removed. 

(3.) From the bag filters the liquor runs down into 
a cistern, and the colour of it is of sherry wine. 

(4.) The colour is removed and the liquor purified 
by passing it into a large iron vessel, 20 to 30 feet 
high, 5 feet in diameter, containing animal charcoal. 

(5 and 6.) The liquor, bleached by charcoal, now 
runs into a tank on the basement floor, from which 
it is drawn into a vacuum pan to be formed into grains 
of sugar ; from the pan it falls below into the heater : 

(7.) Where the grains of sugar are hardened, which 
completes its formation. After which it is taken to 
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the centrifugal machines, if the sugar is intended to 
be in a crystallised form ; if required for pure white loaf 
sugar, it la poured into iron moulds, and then dried. 
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ESTIMATE FOR A SUGAR FACTORY FOR MANUFAC- 
TURING SUGAR IN CRYSTALS. 

Machinery as ahoum on Plan K. 

£ 

A sugar mill, very strong and powerful, with 3 rollers 26" 
diameter, 4' 6' long, with provision for heating by steam. 
— Horizontal steam-engine for driving the same, cylinder 
15" diameter, complete, with double gearing; a cane- 
carrier, megass-elevator, &c., &c 1,400 

3 Steam clarifiers, of 200 gallons each, with internal and 
external copper tubes for heating, valves, chains, pulleys, 
weights, gutters for scum, &c., &c 286 

1 Concretor, full-sized, including trays, copper revolving 
cylinder, drum, self-acting fan, pump, engine, &c., com- 
plete, with spare articles, &c 1,000 

Copper vacuum pan, 6' diameter, 6' 6" deep, with jacket, inside 
dome, and bottom, made of solid copper without seams, 
with patent seamless copper pipes, condenser, including 
fittings, with spare proof stick, barometer, &c., &c. — ^A 
vacuum pump steam-engine, cylinder 10", air-pump 16", 
feed and cold water pumps, complete. — Cast-iron staging 
for vacuum pan, with iron stair, rails, plates for flooring, 
complete (cost, without staging, about £200 less) . . 862 

3 Centrifugal machines, for making sugar in crystals, with 
a separate steam-engine for driving each machine, com- 
plete with all fittings 408 

1 Iron tank for liquor from clarifier, 1 cistern to receive syrup 

from concretor, 1 molasses receiver from centrifugals, com- 
plete with bolts, nuts, &c 86 

2 St^mi boilers, 21' X 6' 6", with 2 flues, complete, with safety- 

valves, dampers, &c., &c 476 

Steam, feed, and water pipes required in the buildings, in- 
cluding 70 feet for cane-engine, 50 for vacuum pan, &c., 
40 for exhaust, 65 for pimip of pan-engine, 120 for cane- 
eugine to boiler, 300 for suction and delivery to connect 
cold-water pumps, 42 for copper canal from clarifiers, &c., 
&c., including packing and free delivery on board a 
vessel 706 

£6,211 
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SUGAR FACTORIES. 



DIMENSIONS OF A SUGAR FACTORY. 

Machinery as shown on Plan J. 
Scale, 20 feet = I inch. 





Length, 
feet. 


Breadth, 
feet. 


Square 
feet 


Height, 
feet 


Cubic 
feet. 


Room, containiiig \ 
sugar mill, con- f 
cretor, and other i 
machinery . . . y 

Boiler-house, offices, ] 
&c., and store- 5 
room . . . . ) 

Total of square f( 


122 
42 


41 
30 


6,002 
1,260 


22 
12 


110,044 
16,120 


set and c 


uhic feet 


6,262 


126,164 
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EEMARKS ON SUGAR FACTORY. 

The size of a sugar factory will depend on the size of 
the estate, the number of acres in canes or likely to be, 
and the amount of work proposed to be done during the 
season. A sugar factory only works for a certain period 
during the year ; but then it works both day and night. 
The plans and estimates given are for a moderate sized 
sugar factory, which wiU be applicable in a great many 
cases. The weight of canes from one acre varies, ac- 
cording to soil, culture, and climate, from twenty to 
thirty tons. 

The yield of solid sugar per acre, as a fair specunen, 
is calculated at 4,000 lbs. But owing to defective 
culture and the injurious mode of expressing and evapo- 
rating the juice in India, the yield in Bengal per acre 
is only 2,600 lbs. of Khaur sugar, and 2,0001 bs. of 
molasses, and of such inferior quality, that if Khaur 
sells Tper Bengal maund at the rate of 3^ rs., molasses 
would not fetch more than 10 annas. The means by 
which a better result is to be attained will be by the use 
of improved cane mills, and improved machinery driven 
by steam, which has been done to some extent by enter- 
prising Europeans. Good specimens of sugar made 
with improved machinery in India in the factories of 
the Hon. E. Horsman, the Astragan Sugar Company, 
and Messrs. Caren and Co., of Shahjehanpore, were 
shown in the International Exhibition of 1862, and 
medals were awarded to them. 

The estimate for a sugar factory includes all machi- 
nery for producing well-formed and dry crystals of 
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sugar, and sugar of a quality required for local con- 
sumption in India and other parts of Asia, and also for 
export to Europe. In some parts of Bengal, Europeans 
have erected improved machinery for manufacturing 
sugar; but some of the machinery included in the 
estimate is so recently invented and patented that it has 
not yet been introduced into any part of Asia. 

The plan of the sugar factory is so arranged that 
machinery for producing pure white loaf sugar may be 
added whenever required, without any inconvenience. 
The level, and the connections of the machines with 
each other, are so adjusted that the juice or syrup, after 
being expressed, may rim down, so as to dispense, as 
far as practicable, with the use of pumps. 

The sugar mill shown on Plan K, the speed of which 
is so regulated as to produce the greatest amoimt of 
juice from the canes, will crush about six tons per 
twelve working hours. By working it at the required 
speed, 70 and even 80 per cent, of juice will be obtained. 
The concretor will turn out at the rate of 950 lbs. per 
hour. It has been stated that 1 gallon of cane juice 
will produce about 2 lbs. of concrete sugar in weight. 
The total cost of all machinery, bmldiags, iron roof, 
charges for erection, and putting in complete work- 
ing order, may be put down at £10,000. Copper enters 
largely into the composition of sugar machinery, and 
therefore the machinery is costly. 

Rum is distUled in some sugar factories from molasses 
and other impurities ; but large copper stills and re- 
frigerators are required for the purpose; and with 
improved machinery for manufacturing sugar, in a 
great many cases it will not be worth while to make 
rum. 

It is a fact that sugar refineries in England not only 
produce pure white loaf sugar, but also an equal quan- 
titv, perhaps more, of crystalline sugar of every quaKty 
sold in the shops in England, as it pays better. This 
is produced from sugar (imported from India and other 
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sugar-growing colonies) whicli is more deeply coloured. 
Disinterested persons have expressed in the English 
journals their decided opinion that it would be more 
economical and rational to produce sugar of the requisite 
tint in the place where sugar-cane is grown and sugar 
is manufactured, at once, and then export it ; than that 
it should imdergo two processes, almost similar, in the 
colonies and in England, as is the case at present for 
producing crystallised sugar. 

For pure white loaf sugar, additional machinery will 
be required beyond that specified in the estimate, con- 
sisting of bag and charcoal fiilters, &c., which will cost 
about £1,300 additional. In a factory where the opera- 
tions of sugar refining are to be pushed to the highest 
point for producing pure white loaf sugar, a very large 
quantity of animal charcoal is quite indispensable. 
Charcoal entirely removes colour from the sugar -solu- 
tion, making it as colourless as pure water. In England 
one ton of charcoal is used to purify one or two tons of 
sugar, according to quality. But, unfortunately, in a 
very short time, from 24 to 72 hours, the power of the 
charcoal becomes exhausted. It is restored again by 
heating it to redness in expensive furnaces. Thus, not 
only is a large quantity of charcoal required for pro- 
ducing pure white loaf sugar, but it is required to be 
repeatedly burnt. A sugar refinery for producing pure 
white loaf sugar will not pay in India ujiless fuel should 
become very abundant and cheap. 

As a rule, the pure white loaf or lump sugars can- 
not with advantage be turned out in sugar- growing 
countries ; but any varieties short of those qualities 
could, under a proper application of machinery, be more 
profitably manufactured in India, and other parts of 
Asia, than in England. 
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MANUFACTURE OF OILS. 




IMTRODUCriON. 

OiTj Beeds are valuable and interesting aubstaocee, 
used for a variety of purpoaes. The trade in linseed, 
rapeeeed, and other seeds, and in cocoa-nuts, between 
India, and England and France, has during the last few 
years increased enormously, especially since the Crimean 
war. The oils most extensively used in Europe are 
linseed, rapeseed, cocoa-nut, palm, and castor oils. 

The vegetable oils are for the most part obtained 
by expressing, the seeds being previously ground or 
bruised. Some seeds after this treatment readily yield 
to pressure, and give what is known as cold-drawn oil ; 
others give up their oil with difficulty, and it becomes 
necessary to heat the bruised seeds previous to pree- 
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sure ; then the oil becomes more easy of separation. 
The means adopted for expressing oil from seeds and 
nuts up to the present time, as may be seen on the 
Malabar Coast and in other parts of Asia, are the 
same as those adopted in the early stages of civilisation 
in Europe. The apparatus is very primitive, consist- 
ing simply of a few poles driven into the groiuid and 
supporting two cross bars, between which a bag con- 
taining the seed^is placed. A lever is brought to bear, 
causing pressure upon the seed, from which the oil is 
expressed. This rude apparatus is slow and ineffi- 
cient. In England, in the first instance, stampers were 
introduced from Holland; then the screw-press, and 
lastly the hydraulic press — ^now in general use. With 
stampers it was necessary to work the seeds twice over, 
whereas with the hydrauHc press it is only necessary 
to work them once. The saving of labour is 25 per 
cent., and the yield of oil is the same. For all prac- 
tical purposes it has been found, from actual trial, that 
the screw-press and the stamper are far inferior to 
the hydraulic press. But even in the latter, with the 
emptying and discharging, the process is constant 
and laborious. Oil machinery, even the best now in 
use in Great Britain, is not so perfect and self-acting 
as machinery in other branches of industry ; but stiU 
Asia ought to take every advantage of the improved 
machinery now in use in the most civilised parts of 
the world at the present time, instead of the rude 
apparatus at present employed for the purpose of ex- 
pressing oil. 

When oil is expressed with rude and imperfect 
machinery, it becomes foul, rancid, and discoloured in 
a long sea voyage, and its value diminishes ; but if 
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carefiiUy pressed with improved machinery it remains 
fresh, and fit for the purposes in the arts and manu- 
&ctures to which it is applied. 

Linseed Oil is obtained by expression from the seeds 
of the common flax plant. In the Bombay Presi- 
dency, and in other parts of India, the plant is largely 
cultivated exclusively for the seeds, and not for the 
flax-fibres from which linen and other fabrics are made. 
For the production of linseed a hot climate is very 
favourable, as the yield is greater, and the seeds larger, 
plumper, and more oily than in temperate countries. 
Seed-crushers in England find the flax-seed of India 
the most productive, as it contains six per cent, more 
oil than the seeds imported into Great Britain from 
Russia. Cold-drawn linseed oil of a light yellow colour 
is better than that expressed with heat ; but by heat- 
ing, the seeds yield seven per cent, more oil. Linseed 
oil is the most useful and important of all the drjring 
oils. It attracts oxygen from the air and solidifies, and 
this property renders it valuable for the purpose of 
making varnishes and paints. It is used also in the 
manufacture of printers' ink, by allowing it to bum for 
some time, and then mixing it with lamp-black. The 
seed exported to England from India is all consumed by 
the oil mills. After expressing the oil, the seed-cake 
which remains is most extensively employed for feeding 
cattle. Linseed cake forms an item in the imports 
from America and from certain European countries 
into Great Britain. 

Rape Seed Oil, after being purified, is largely used 
in England for lubricating machinery ; for which pur- 
pose it is in great demand, the demand increasing with 
the extension of machinery. For stationary or loco- 
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motive engines where high speeds are required, it is 
stated to be particularly adapted. For marine engines, 
these qualities, combined with absence of odour, render 
it much valued. Some idea of the consumption may 
be formed from the fact that one single Railway Com- 
pany in England, the London and North- Western, 
consumes annually more than 40,000 gallons of this oil, 
for lubricating their locomotives alone, which quantity 
it is stated would be equal to the production of 1,000 
acres of land. 

The Castor oil plant is also a native of India, where 
it grows to a considerable size, and lives for several 
years. The oil is obtained from the seeds by express- 
ing. In Calcutta it is prepared by crushing it between 
rollers, then placing it in hempen cloths, and pressing 
in an ordinary screw-press. The oil is then heated in a 
boiler with water, strained through flannel, and put into 
cans. The best East India castor oil is sold in London, 
as " cold drawn." 

Cotton Seed Oil is now an important article. There 
are several mills in England for producing it, and cotton 
seed-cake as food for cattle. The oil is used in the 
manufacture of soap. Owing to the enormous quantity 
of cotton produced in India, there is always an abund- 
ance of seed, which it would be desirable to turn to 
more profitable purposes than is done at present. In 
America the seeds are pressed near the cotton plan- 
tations, as they are bulky, and the cost of transport is 
necessarily great. The husk and attached fibre are 
used in paper-making, and the cake after expressing 
the oil is nearly as valuable as linseed cake. 

Cocoa-nut Oil, expressed from the fruit of the palm- 
trees growing so luxuriantly in the south of India and 
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other parts of Asia, is principally employed in Europe 
for the manufacture of candles and soap. It is bleached 
by acids, or by the combined influence of air, heat, and 
light. A white crystalline fat is separated, for making 
candles ; also a glycerine, which is extensively used 
now-a-days in the arts, and even in medicine ; and the 
residuum of the oil is converted into a fine hard pitch, 
fit for any purposes to which ordinary pitch is ap- 
plied. The soap made from cocoa-nut oil is very white 
and light, and to a larger extent soluble in water than 
any other soaps; it is useful in washing, also, with 
salt-water. 

The Tallow Tree has been introduced from China 
into India lately, and flourishes with great luxuriance 
in the Dehra Dhoon, in the Dhoons and Kohistan of 
the North- Western Provinces, and in the Punjaub ; 
and there are now tens of thousands of such trees in the 
Government plantations. The tallow prepared from 
the seeds has been tested on the Punjaub Railway, as a 
lubricator for locomotive machinery. The leaves of this 
plant also make valuable dye. 

A large quantity of oil is used in the manufacture of 
soap and candles in England, and other countries. 
Price's Candle Company possesses cocoa-nut planta- 
tions in Ceylon, and employs eight hundred workmen 
in its several manufactories in London, using a capital 
of nearly half a million sterling, and dividing profits to 
the extent of £40,000 per annum. Till quite re- 
cently, the linseed oil required for Government use, 
throughout India, was wholly sent out from Europe ; 
and it is only within the last few years that it has 
been found out that the native grown linseed is quite 
as good as the best which can be had in Europe. In a 
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country where the people are so extremely fond of 
retaining old methods, and so slow to recognise the 
science and improved methods of European countries, 
it would be better if Government were to give more 
stimulus and inducement to new branches of industry. 




MANUFACTURING PROCESSES. 

(1.) Seed Crushing Hollers. — A self-acting elcTator, 
aa it revolves, takes a certain quantity of seeds each 
time, by small buckets, from the 
beap to a flat screen or sbaker, 
which is kept constantly moving 
to clear the seeds of all foreign 
matter. The seeds are caused to 
descend equably between two 
heavy crushing iron rollers, re- 
volving in opposite directions, and 
BO adjusted as to take in different 
sizes of seeds. A pair of rollers 





will crush on an average 4 tons of 
seeds per day. For cocoa-nuts a 
rasping machine is employed, for 
cutting and reducing the copra to 
such a consistency as to prepare 
for the second process. 

(2.) Grindinff the Seeds. — The 
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second operation consists in grinding tlie seeds Tinder a 
pair of edge atones, weighing about 7 tons. In the 
circular pam of the edge stones the seeds fall from the 
rollers ; and as they go round about seventeen times 
per minute, the seeds are crushed not merely by the 
weight of the stones, but also by a rubbing motion. 
In about half-an-hour the seeds are sufficiently ground 
into a paste. A knifo revolves with the stones for turning 
up the mass and detaching that which adheres. The 
stones, if of good quality, will last for a great length 
of time, but will require to be faced every three years. 




One pair will grind sufficient seed for two double 
presses. The stone generally used is the best Derby- 
shire, furnished with iron plate and ledge many inches 
deep. 

(3.) Heatinff Seeds. — The pasty mass of crushed seeds 
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is generally heated in a double steam kettle, which con- 
sists of two round chambers, one over the other. Round 
the sides and bottom is the space for admitting steam ; 
and in the middle of the pan are two arms or stirrers, 
revolving 36 times a minute, which keep the seeds 
agitated, so that every particle may come in contact with 
the heated sides. After a few minutes, 
when the bruised seed is sufficiently heated, 
the double door is opened, and the con- 
tents discharged by the action of the 
revolving stirrers. The heating operation 
is continuous — by first charging the upper 
chamber, then the lower, where the seeds 
remain till required. The seeds fall by an 
orifice into a bag. 

(4.) Bags, for receiving the heated 
paste of the seeds, and placing in the 
hydraulic press, are made of strong cloth 
woven on purpose. After being filled, 
they are placed separately between what 
are called the hairs, which are bags made 
of horse hair, with an external covering 
of leather. The bags are expensive, and 
on account of the great wear and tear are 
required to be renewed every year. One 
set of sixteen will cost about £135. 

(5.) Expressing Oil. — For expressing the heated 
seeds the hydraulic presses used are dovhle. Each single 
press is fitted with four boxes, and receives four bags 
of heated seed paste. The attendant first fills one 
single press, opens the communication, and brings a 
pressure to bear ; and while this is going on, the second 
single press is being filled, the valves of the press pumps 
are opened, and a total pressure of about 300 tons is 
exerted. The oil from the seed paste passes through 
the canvas bag, then through the hair bag, then round 
the upper portion of each box, and by pipes goes into 
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a cistern. The oil cakes are put into a kind of rack to 
cool and dry, so that they may not become mouldy 
when stored. For emptying and charging the press^ 
and for expressing the oil^ it takes about ten minutes. 
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ESTIMATE FOR AN OIL MILL. 

Machinery as shoum on Plan I. 

£ 

Elevator for elevating oil-seeds, complete ; a pair of rolls for 

crushing seeds, diameter 27" and 21", complete . . .173 

Cocoa-nut rasping machine, with knives and fittings complete 

(only required for cocoa-nuts, not for seeds) ... 96 

Grinding-stones, for grinding seeds, best Derbyshire, furnished 
■with plate and ledge 7' deep, fitted with shaft diameter,, 
weight 10 tons, complete 138 

Steam-kettle for heating seed-paste, furnished with stirrers, 100 

feet steam-pipes, pressure-gauge, &c 52 

Bagging for containing heated seed-paste for pressing, 32 hairs 

with double leather backs, including one extra set, complete 264 

Two double hydraulic presses for expressing oil, with 8 boxes 
in each double press, or 16 boxes in all, diameter of rams 12", 
including a set of patent double-pumps, with indicator, com- 
plete. (If required extra strong, weighing 26 tons, add 
about £165.) 527 

Four oil cisterns 6' X 8' X 8', with glass indicators, a force-pump 
for forcing oil from the presses to the stock-cistern, 68 feet 
pipes, with small cistern, complete 192 

High-pressure steam-engine, cylinder 16" diameter, stroke 2' 6", 
with expansion- valve, governor, force-pump, water-heater, 
&c. ; boiler, furnished with patent tubes, complete, with 
water-gauge, safety-valves, and all fittings .... 520 

Clearing, including shafting, 6 J" diameter, spur and bevel wheels, 
pulleys, independent iron framing, iron columns, heavy iron 
girders, complete 360 

Miscellaneous and extras, including cake-tables and strippers, 
leather straps for hairs, leather rings, copper rivets, &c. 
(Packing and free delivery on board) ..... 200 

£2,522 
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DIMENSIONS OF AN OIL MILL. 

Machinery as shown on Plan K. 
Scale, 10 feet 8 inches = 1 inch. 



Room containing machinery \ 
for expressing oil and en- > 
gine ) 

Boiler-house . . 

Seed store-room . 

Offices .... 

Cake warehouse* . 

Oil-tanks room* . 



Length, 


Breadth. 


Square 


Height, 


Cubic 


feet. 


feet. 


feet. 


feet. 


feet. 


46 


26 


1,196 


14 


16,744 


22 


17 


374 


10 


3,740 


20 


14 


280 


13 


3,640 


20 


14 


280 


13 


3,640 


14 


26 


364 


12 


4,368 


18 


26 


468 


12 


5,616 


md cubic feet 


2,962 


37,748 



* Not shown on plan. 
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REMARKS ON OIL MILL. 

The oil mill for which the estimate and plan are given 
is on what is called the self-supporting principle ; that 
is, all the machinery is self-supporting on independent 
iron framing, consisting of columns and heavy girders, 
and worked quite independently of any buildings. 
The machinery consists of two double hydraulic presses, 
each double press with eight boxes, or sixteen boxes in 
aU, with preparatory machinery adapted for crushing 
every description of oil seeds, as well as cocoa-nuts. 

The yield of oil from the seeds will vary according to 
the quality of seeds. 



Calcutta „ „ 118 to 130 



Quarter of Boni"bay linseed yields from 125 to 140 lbs. of oil. 
Calcutta „ 
Russian „ 
Bombay rapeseed 



„ Russian „ 



„ Guzerat „ 

„ Calcutta „ 



Cocoa-nut 
Cotton seed 



108 to 116 
120 to 145 
140 to 180 
115 to 135 

60 to 65 per cent. 

16 to 20 „ 



Linseed is worked once over, rapeseed twice over. 
Calcutta and Bombay seeds require to be watered in 
working, whereby they gain from 3 to 10 lbs. What 
remains after pressing the oil is called the oil-cake. 

Oil'Cake. — There is always so much seed paste put 
into the boxes of each hydraulic press, that, after the 
oil is expressed from it, each cake will weigh 8 lbs. In 
an English oil mill one man turns out a set of cakes 
from each double press in ten minutes, consequently 
each double press with eight boxes makes 80 lbs of 
cake in ten minutes. The use of oil-cake for feeding 
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cattle increases every year in Europe ; it is an article 
of import into Great Britain from America and other 
places, and a large quantity is also manufactured in 
England. 

Plan K shows the arrangement of the oil machinery. 
The store-room for linseed is of a size to hold 200 
quarters, about a week's stock ; but the size may be 
doubled. The oil-tanks and oil-cake house are not 
drawn to scale on plan. The oil is pumped from the 
presses to the iron tanks ; the stock tanks may be 
placed at any distance, and in any position as regards 
the mill, and connected by pipes. 

Wages, — In an oil mill in England wages range 
from 24 to 10 shillings per week. The foreman is paid 
30s. per week. No more than ten hands are required 
in a mill of two double presses. 

As per estimate, the machinery with two double 
presses will cost £2,500, and, including freight, in- 
surance, cost of buildings, iron roof, erection of ma- 
chinery, &c., the total cost of the oil-works may be put 
down at less than £6,000. 

Production. — The oil mill, with two presses and 
sixteen boxes, for which the estimate is given, will, by 
working ten hours a day, crush 9,360 quarters of 
Bombay linseed per annum. The production of linseed 
oil will be say 564 tons, and of linseed cake 1,174 tons. 
A ton of oil, linseed or rapeseed, contains 240 gallons, 
and occupies 38^ cubic feet. A cistein 8x8x6 feet 
will contain 2,393 gallons. Oil mills in England gene- 
rally work day and night. 

Profits. — The following table shows the amount of 
profit derived, after deducting all expenses, wear and 
tear, by one of the oil mill proprietors in England^ in 
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five successive years, by working Bombay linseed in 
two double presses, sixteen boxes in all : — 



Linseed 

bought 

per quarter. 


Oil 80ld 


Oa cake 80l(^ 


Proflt8 


per ton. 


per ton. 


12 months. 


8. 


£ 8. 


& 8. 


& 


62 


28 6 


9 10 


1,528 


56 


30 


10 


1,230 


72 


45 


10 


2,202 


66 


37 10 


9 10 


1,193 


59 


31 


10 10 


977 



As an example of the fluctuations in profits, and the 
diflFerence in pressing diflFerent seeds in the same year, 
the following figures will suffice, the amount of 
machinery being the same : — 

Cotton seed bought at . . . . d68 Os. per ton. 

oil sold at ... . £31 Os. 

cake sold at . . . . £5 5s. 

Profits realised in one year £4,046. 









Bape seed bought at ... £3 7s. per quarter. 

„ oil sold at £49 Os. per ton. 

„ cake sold at .... £5 15s. 
Profit realised in one year £2,333. 



» 



The Bombay Oil Mill was started for pressing cocoa- 
nuts, but it failed through special and easily explicable 
causes. A European was engaged in the capacity of 
mill-manager, and sent over to England, and a respecta- 
ble firm was instructed to purchase machinery according 
to his recommendations, which was accordingly done. 
The oil mill consisted of two double presses, and other 
machinery for pressing oil, the same as specified in the 
estimate, made to fit a particular building at Goa. 
A timber mill was also attached to it, to be worked by 
one engine. When the machinery arrived it was 
erected, not at Goa but in Bombay ; the timber mill 
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five successive years, by working Bombay linseed in 
two double presses, sixteen boxes in all : — 



Linseed 

bought 

per quarter. 


OU sold 


Oacakesolt' 


Profits 


per ton. 


per ton. 


12 months. 


s. 


£ 8. 


& 8. 


£ 


52 


28 5 


9 10 


1,628 


66 


30 


10 


1,230 


72 


46 


10 


2,202 


66 


37 10 


9 10 


1,193 


69 


31 


10 10 


977 



As an example of the fluctuations in profits, and the 
diflference in pressing different seeds in the same yeaVy 
the following figures will suffice, the amoimt of 
machinery being the same : — 

Cotton seed bought at . . . . £8 Os. per ton. 

oil sold at ... . d631 Os. 

cake sold at . . . . £6 6s. 

Profits realised in one year £4,046. 









Bape seed bought at 
oil sold at . 






cake sold at 



. £3 7s. per quarter. 
. £49 Os. per ton. 
. £6 16s. 



Profit realised in one year £2,333. 



» 



The Bombay Oil Mill was started for pressing cocoa- 
nuts, but it failed through special and easily explicable 
causes. A European was engaged in the capacity of 
mill-manager, and sent over to England, and a respecta- 
ble firm was instructed to purchase machinery according 
to his recommendations, which was accordingly done. 
The oil mill consisted of two double presses, and other 
machinery for pressing oil, the same as specified in the 
estimate, made to fit a particular building at Goa. 
A timber mill was also attached to it, to be worked by 
one engine. When the machinery arrived it was 
erected, not at Goa but in Bombay ; the timber mill 
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was left out ; and before the oil maclmieiy commenced 
to work, the European manager had already received 
for his double passage to and from India, and as salary, 
more than £1,000, which was a pure waste. Besides, 
the steam-engine power was three or four times more 
than actually required. Under these circimistances 
failure was inevitable. 

All oils and fats, when treated with soda or potash, 
yield soap. The general method of soap-making is the 
same for all kinds, though it varies in some particulars 
according to the kind of oil or fat. Spap is manu- 
factured in cast-iron pans built in brickwork, into 
which steam pipes are introduced for heating the oils 
with potash or soda. 

Saint Brothers have an establishment at Cossipore, 
where stearine candles are made, which are hard, white, 
and dry, and were shown at the International Exhibi- 
tion in 1862. 



STATIHTICS. 10 

OIL SEEDS AND OIL EXPORTED FEOM INDIA TO 
GREAT BRITAIN.- 



Ybm. 


Seeds. 




Vulne-OlU, 


186S 


_ 


t.d 12,433 


217,730 


1864 




2,032,H32 


422,176 




844,090 


1,833,861 


372,107 


1862 


682,768 


1,206,331 


200,502 


1861 


983,882 


1,786,626 


247,094 


1880 


1,129.167 


1,648,721 


180,066 


1859 






192,662 


1868 




1,380,001 


265,271 


1857 


364,606 


1,118,664 


179,164 


1866 




1,273,467 


164,640 


1866 


6U,66S 


812,799 


130,058 


1864 




471,797 


104,170 


1863 


282,480 


448,770 


90,039 


1862 


309,982 


601,420 


02,722 


1861 


218,762 


339,614 


129,121 


1860 


180,243 


216,610 


106,947 



Year. 


«,. 


VsJue. 


1864 


180,761 


224,966 


1863 


162,076 


189,232 


1862 


116,084 


143,216 


1861 


83,608 


104,042 


1860 


129,698 


161,403 


1869 


98,006 


121,964 


1868 


66,001 


82,134 


1857 


142,025 


223,264 


1856 


87,396 


106,383 


1856 


99,168 




1864 


98.218 




1863 


99,914 


116,017 


1862 


70,848 


69,209 


1861 


38,828 


34,371 



• From SlatiiUciI Abglnicl ol ColonI*! ud MJ 




In places 
where coal is 
i difficult to pro- 
^ cure, oil may be 
g advantageously 
° substituted as 
a source of gas 
for illumiuat- 
purposes. The oQ 
L. employed for this pur- 
^ pise is the crudest and 
^ cheapest that can he 
J procured ; even such as 
IS quite unfit for bum- 
mg in the ordinary 
m inner is sufficiently 
^ puiB for making oil 
I {ftts The illuminating 
" pnwer of oQ gas is 
tfmie as much as that 
ot ordinary coal gas. 
The process of making 
it also is much more 
simple, as it requires 
far less purification, 
and the production of 
gas is large compared 
I mth coal gas. In 
a Liverpool, Bristol, 
IIuJ, and other places 
m Great Britain, ex- 
' ' ' ' tensiTe establishments 

were at one tmie erected to produce gas from oil ; 
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but as coal Is so cheap, and the commonest oil far too 
expensive, the manufacture of gas from oil has been 
discontinued. But in several places in India, and other 
parts of Asia, the manufacture of oil gas will be advan- 
tageous, besides being an admirable means of using up 
impure oil, refuse fat, and such other materials for the 
production of light as could not otherwise be employed, 
or could only be applied to the lowest uses. 

Oils, fatty substances, and coal, contain a very large 
portion of compounds and other ingredients required 
for illiuninating purposes. But combined with coal or 
oils, there are other substances which are not required, 
which do not contribute to the illuminating power, and 
which may be separated when gas is manufactured. 
Coal contains more impure substances than oils ; hence 
the manufacture of gas from coal requires more purifi- 
cation than that from oils ; besides which, the principal 
illuminating ingredients predominate more in oils than 
in coal, which is one great advantage in manufacturing 
gas from oils. 

ITie superiority of gas over the dim oil lights was 
seen in Bombay so late as 1866, and in Calcutta in 
1860, when it excited at first as much popular attention 
as it did in England when the first public display of 
gas was made in the year 1798. The time seems not 
far off when every town, even in a country Kke India, 
will be lighted with gas, and the dim oil lamps entirely 
displaced. For brilliancy, nothing practically sur- 
passes the light from gas. Within the last few years 
gas has been also extensively used for cooking food, 
and for other heating purposes. 

The late Framjee Cowasjee— a gentleman whose name 
will always be held in grateful memory as one who, 
without having had the advantage of receiving a good 
education, did more to introduce new industrial enter- 
prises in Western India than any other native of India 
has yet done — when he lighted his mansion with gas, 
and (to celebrate the event) gave a dinner to his friends, 
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some were made sick by the noxious smell, seeing that 
at that time no improvements had been effected in 
purifying the gas. But now gas apparata are made, 
not only for large towns, but of any size and for any 
number of lights, for placing near factories, gentlemen's 
mansions, and other pubKc buildings, without pro- 
ducing any unpleasant odour, and made so simple in 
construction that any person could work them with ease. 
Notwithstanding the present entire absence of any- 
thing like gas in the interior towns in India, and other 
places in Asia, there is little doubt that its manufacture 
from refuse oils, or other comparatively useless fatty 
substances, requires only to be developed to be duly 
appreciated. Once introduced, its consumption will 
increase, and in proportion as attention is paid to im- 
provements in its manufacture, in the fittings, and in 
the mode of burning, it will become more and more 
generally adopted in large towns, and even in private 
houses, so as to supersede at last almost all other 
sources of artificial light. 

In the manufacture of gas, the first process is to heat 
the material in a close iron retort by a furnace in the 

usual way. The oil is allowed to 
flow in a continuous stream from a 
tank to the retorts, in which small 
pieces of brick are introduced to 
increase the heating surface, and 
to shorten the time for the pro- 
duction of gas. The oil is decom- 
posed by a slow red heat, and is 
converted into illuminating gas 
_^ and tar, which both escape as 
vapour by a pipe. The tar gas, 
being heavy, deposits the tar in a small cistern, which 
is always kept half full ; while the other gas is con- 
ducted away to be purified. 

The gas which escapes by the pipe from the oil re- 
tort contains impurities which require to be separated 
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from it. Lime is used for purifying, and the gas is 
passed into a suitable vessel centring it, which 
takes away the sulphuretted hydrogen, carbonic acid, 
and other matters. The gas is then stored in a gas- 
holder, ready to be distributed by pipes in the places to 
be lighted. In the bottom part of the gasholder is a 
tank of water ; in the upper is the vessel of iron sus- 
pended by chains, moving up and down freely. The 
gas, from the force it acquires by being expelled from 
file oil, presses on the surface of the water, and causes 
the iron gasholder which holds the gas to rise ; and in 
proportion to the quantity entering, so does the holder 
rise out of the water. 
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PRICES OF OIL GAS AND DOUBLE RETORT APPARATUS, 

COMFLBTB, 

TNCLTJDINO RETOBTS, PURIFIEB8, OA8HOLDEB8, AND FIRE-BBICK8. 

No. of Price. 

Burners.* £ 

6 26 

10 68 

20 76 

30 92 

40 120 

70 196 

100 231 

200 370 

300 480 , 

400 688 

600 781 

800 1,061 

1,200 1,226 

1,600 1,573 

2,000 1,925 

Each burner will consume IJ cubic foot of oil gM per hour; for the 
same intensity of light 3 cubic feet of coal gaa would be required. One 
gallon of oil will yield 80 cubic feet of rich gas. 

The price of gas in London is 4». per 1,000 cubic feet. 

In Calcutta, the price charged by an English company is 12». 

The cost of oil gas in India, as tried for several months, is ids. Qd. 
per 1,000 cubic feet from cotton-seed oil. 



Each bnraer burning on an averaf^e three hours. 



PAPER MANUFACTURES. 



INTRODUCTION, 




^ 



Q 



Of all the useful arts there are few 
which contribute so much to human 
happiness, and to elevate and im- 
prove mankind, as the arts of writ- 
ing, printing, and paper making. In 
the primitive ages people were satis- 
fied with writing on stone, metals, 
and bricks. Subsequently more 
pliable textures were employed, such 
as skins of sheep or goats, and leaves 
of trees. Books formed of such leaves 
have been preserved in the libraries 
of Europe ; and the practice of writ- 
ing upon leaves of trees is still in 
use in some parts of Asia up to the 
present day. 

The invention of the paper manu- 
facture is most valuable and useful, 
as it saves infinite trouble, labour, 
and time ; and without it every other 
discovery would have continued 
useless to society. The civilisation 
of mankind depends mainly on the 
diffusion of knowledge, and paper is 
the most essential medium for dif- 
:^ing that blessing to the human 
race. 

China originally gave birth to 
the invention of paper. The art 
of making paper from vegetable matter reduced to 
pulp was known and understood in China ceuturieB 
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before it was practised in Europe, and carried to 
some perfection. There is no doubt that the novel 
idea of reducing a vegetable to a liquid state for the 
purpose of obtaining by deposit a smooth thin flexible 
sheet is due to the Chinese. These ingenious people 
make paper from cotton, hemp, rice straw, a species of 
mulberry tree, and from the bark of the bamboo. The 
young stalks of the bamboo are cut and thrown into a 
reservoir of mud and water for a fortnight, to soften 
them, and then taken out, cut, and exposed in the sun 
to dry and bleach. After this the pieces are boiled in 
large kettles, and reduced to pulp in mortars by hand. 
Some glutinous substance is mixed with it, and the 
whole beaten together to the required thickness with 
water, and placed in a vat. A workman dips a sort of 
framed sieve into this vat, and on raising it, and shak- 
ing it, the water passes oflF through the holes of the 
sieve, and the stuff remains on the surface, whereby a 
sheet of half-formed paper is made. This is pressed 
against a smooth surface near a stove, so that the sheet 
of wet paper may adhere. By the warmth of the stove 
the water evaporates rapidly ; and before the paper is 
quite dry it is brushed over with a size made from rice, 
which soon dries, and the paper is then stripped off in 
a finished state. Such is the rude process by which 
not only in China, but in India and other parts of Asia, 
paper is made, with some slight modifications, up to 
the present time. 

In Europe the manufacture of paper was introduced 
only in the fourteenth century. The first paper mill 
in England was erected in 1588 by a German, for 
which he received the honour of knighthood from 
Queen Elizabeth, and a licence was also granted to hiTin 
for the sole gathering of rags for making paper for ten 
years. Till 1765 scarcely any high degree of perfection 
was reached. Paper made in Europe by hand at that 
time is thus described — the Venetian as neat, subtle, 
and court-like — ^the French light, slight, and tender — 
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the Dutcli thick, corpulent, and gross, sucking up 
ink. 

Up to the end of the eighteenth century paper was 
made by hand in Europe. The honour of inventing 
that beautiful contrivance, the contimums paper machine, 
which has contributed so much to the advancement of 
civilisation, is due to a Frenchman. It was only in 
1803 that the Jirst paper machine for making paper 
continuously was worked in England. Chlorine gas 
was soon adopted, by which the deepest coloured rags 
for making paper were deprived entirely of their 
colour, and rendered quite white. In place of the 
old fashioned mortars and mallets, engines were es- 
tablished. In 1840 sand- traps for catching gravel and 
other impurities in the pulp were used ; and in the same 
year suction pumps were employed to carry off by 
degrees a great portion of water contained in the pulp 
from the wire-cloth on which paper is made. To 
perfect the continuous paper machine, one single firm 
laboured for six years, and expended £60,000 on it. 
The amount was so large that they became bankrupt, 
as their patent, owing to some technical objections, was 
declared void. By the improvements effected by the 
firm the cost of making paper was reduced from six- 
teen shillings to three shillings and ninepence per 
hundredweight. In 1849 paper-making advanced still 
more rapidly owing to improvements in machinery. 
The composition of pulp was better studied. Between 
1852 and 1857 no less than one hundred and forty- 
seven patents were taken out in England for improve- 
ments in paper, but chiefly for new materials for the 
pulp. 

The principal improvement in paper-making by 
machinery is the adaptation of an endless revolving 
wire cloth to receive the paper pulp with an endless 
felt, to which in its progress the paper is transferred 
by self-acting motion ; this is so quickly done that at 
one end of the paper machine the wire cloth receives 
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the constant flow of liquid pulp, and in the course of 
two or three minutes at the other end of the machine 
it comes out in the form of finished paper. 

The largest paper that has been made by hand is 
53 by 31 inches ; and so great is the weight of pulp 
for making a single sheet of this size, that no less than 
nine men are required ; whereas with the continuous 
paper machine, not one sheet only, but a continuous 
sheet of any length, and eight feet wide, is drawn out 
and wound on reels. What is more ; the work which 
occupied three weeks by the old method by hand is 
now done in as many miniUes by the improved paper 
machine. Paper may be made by this machine con- 
siderably less than a thousandth part of an inch in 
thickness ; and although so thin it is capable of being 
coloured and glazed. 

The raw material used in England for making paper 
is chiefly worn-out rags, which would have little value 
if they were not used for that purpose. Cotton and 
linen rags are the best, though hemp, jute, and rags of 
other fibres are used for mixtures. Cotton and Enen 
rags afford the greatest facilities for manufacture, and 
nearly all are made into white paper. Old ropes, old 
cotton bagging, and the sweepings of cotton mills also 
furnish a Large supply for wrapping papers. Spanish 
grass and straw are also used in English paper mills as 
an auxiliary to rags, and in conjunction with cotton or 
linen rags. It has been proved that paper can be made 
from any vegetable fibre which will combine into a pulp. 
The only question is the cost of production of paper from 
that material. England requires upwards of 120,000 
tons of rags for making paper every year, a large pro- 
portion of which is imported from other countries. 

For several years past a newspaper has been printed 
in Sweden upon paper made from horse dung. Some 
of the soluble parts in its manufacture are carried off 
and used for manure. 

In America, at a time when war was raging be- 
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tween North and South, and the supply of cotton rags 
fell short, great attention was paid to other substances 
for manufacturing paper, and patents were taken out, 
and worked successfully, for making paper from wood. 
The establishment of the American Wood Paper Com- 
pany, in America, covers ten acres, and their works 
were completed in 1866 at a cost of 1,000,000 dollars. 
They are the largest in the world for the manufacture 
of wood pulp, producing 34,000 lbs. of pulp per day. 
In other works the wood is first cut into fine chips by 
machinery, then boiled in a chemical solution in closed 
boilers, which renders it soft. From the pulp the 
chemical solution is drained, and conducted by pipes into 
furnaces, where by a patent process eighty- five per cent, 
of the substance used in boiling is recovered and used 
again. It has been stated that without this patent 
process of recovering the chemical used, the manufac- 
ture of paper from wood pulp would be a failure com- 
mercially. With the wood pulp a portion is mixed of 
straw pulp ; and paper thus made at these American 
mills without any rags is of sufficiently good quality to 
be used for printing newspapers. 

In the United Kingdom there are no less than 430 
paper mills spread throughout the whole country. 
Some idea of the extent of' these works may be formed 
from the fact that in one of them, from the very refuse 
of our clothing and rags, there is made on an average 
every day forty miles of paper in length and more 
than five feet wide. Paper is an important branch of 
trade in the United Kingdom, already worth six 
millions sterling, and employing a large nimiber of 
hands. 

In the United States, in 1860, there were more than 
555 paper mills, producing paper of the value of 
17,148,194 dollars. But not only in Great Britain and 
America; in France, Austria, Denmark, Spain, and 
other countries in Europe, paper mills turn out 
thousands of tons of paper every year. 

o 
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In India^ China, and other parts of Asia, paper is 
made in large quantities, but by hand. Over all Asia 
there are hardly half-a-dozen continuoufl paper machines 
working at the present time. Asia has an enormous 
population, producing vast quantities of cotton clothing, 
which, though worn more than in Europe, is still of 
great value for making paper. The supply of raw 
material is abundant. It behoves her to take every 
advantage, as all European nations have done, of the 
recent applications of improved machinery, by which 
the facilities for producing cheap paper have increased 
so much, and so great a saving of expense, trouble, and 
material has been effected. 





MASUPACrURIKQ PROCESSES. 

(1.) Rag Cutting. — The rags are cut into small pieces 
about four inches square, by women, who stand at a 
table the upper part of which is covered with a netting 
of coarse wire, a large knife being fixed in the centre 
with which they cut the rags, and keep different 
qualities of rag in the several divisions of the box. 

(2.) Rag Dusting Machine. — The rags are put into 
this machine, which is a large cylindrical cage or drum, 
covered with iron wire, six feet in diameter, and 
having a revolving shaft with a number of spokes in the 
interior, which toss and shake the rags. The machine 
inclines on one side ; and the rags being placed on the 
top, a large proportion of the loose dirt is beaten out by 
the time they reach the bottom. 

(3.) Rag Boilers. — ^As the raes contain more or leas 
grease, to get rid of it, and also to some extent to 
weaken the adherence of colouring matter, they are 
boiled with lime or soda in a boiler, which is made to 
revolve slowly round and round by the steam-engine, 
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thus causing the rage to bo frequently turned oTer, 
The old plan in Europe waa to bou in a cast iron vessel 
by the direct action of the fire and thus the pieces 
wiiich adhered to the sides were burnt A great im- 
provement was introducmg steam for heating pipes 
for the alkaline solution and contnvances for mlmg 
and emptying the rt^s and nmlung the boiler revolve. 
(4.) Washnff Engines — After the rags are boiled. 




they are torn or macerated until they become partly 
reduced to half stuff or pulp. This is done in the rag- 




engines, consisting of iron cisterns, divided by a par- 
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tition ; a constant stream of pure water flows m at one 
end, and the dirty water paaaes off by a waste pipe. 
An iron roll furnished with knives revolves, and there 
is & fixed plate also at the bottom with knives. As the 
raga are drawn by the rapid rotation, they are cut by 
the knivea to about one-sixteenth of an inch. The 
distance between the fixed and revolving knives ie 
adjusted as required. There are other contrivances by 
which no material is allowed to be carried away with 
the dirty water, and for other purposes. 

(5.) Bleaching Vats. — The pulp or half stuff' is let 
down from the washing engines into vats built of brick. 




stone, or other material, for the purpose of bleaching or 
making white with chloride of lime. The quality which 
distinguishes the paper of the present day is its white- 
ness, which is obtained by bleaching ; sometimes^ the 
bleaching solution is introduced into washing engmes, 
and allowed to run about twenty minutes, then emptied 
to the bleaching department, where it remains for some 
hours. The stuff is then submitted to the action of an 
hydraulic press. 

(6.) Beating Engines.— Ihe pulp after being bleached 
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is placed in these engines, wliich are aimilKr to the rag- 
enffines, — the only difference being that the cylinders 
wiQi teeth are made to move much faster, about 150 
times a minute, so that the half stuff is reduced to a fine 
pulp fit to be made into paper. Supposing the revolving 




cylinder has eighty-four teeth revolving 150 times a 
minute, and the bottom ptate has twenty-one knives, in 




one minute it will make no less than 264,600 cuts. 
Thus a large quantity of pulp is turned out in a few 
hours, which could not be done by the rude stampers 
used in India. When colouring matter is required to 
hide the imperfections in paper, it is introduced into 
the beating engines. Recently a centrifugal pulp 
engine has been introduced to supersede the beating 
en&iine. 

(7.) Paper maUrig avd Drying Machine. — From the 
beating engines the pulp when sufficiently ground runs 
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into large iron chests called ^Mff chests, in which an 
agitator is kept in motion for diluting the pulp with 
water. The stuff falls into a trough below, and passes 
through a brass plate pierced wi4£ very minute boles. 




by which all knots or impurities are held back The 
clear pulp is received upon an endless revolving wire 
cloth or gauze, so fine that in one square inch there are 
3,500 to 5,000 holes The wire gauge moves over a 
series of copper rollers to wh ch a shaking motion is 
given by machinery to iacilitate the escape of water 
through the pores, and to distribute the pulp equally 




By means of air-pumps and other contrivances the pulp 
as it advances on the wire gauge solidifies, and passes 
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ODwards to a pair of rollers, the surfacea of which are 
kept wet by a jet of water, ao that the pulp may not 
adhere to them. Then it is subjected to elight pressure, 
which 18 repeated by another pair of rollers; and at 
the same time a water-mark or any other design is 
impressed on it. The half-formed paper now passes 
upon an eldlesa felt, and receives on its way more 
pressure from other rollers, then passes through size 
solution, and is conducted over a series of large cylin- 
ders in which steam is employed to dry the paper. 
Thus Hquid pulp is mode into finished paper within 
three minutes in this machine. 

(8.) Paper Cuttiiig Maekine is generally attached at 
the end of the paper making machine. As soon as the 




paper to be cut off descends from a drum it is taken 
hold of, and the length instantly cut off by a movable 
knife. After being cut, the paper slides down over a 
board in sheets, and is removed. The paper travels in 
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the machine at about eighty feet per minute; it is 
temporarily arrested while being cut, and yet so 
beautiful is the contrivance employed in the machine 
that the paper is not creased in the slightest degree. 
There are paper bag machines also in which from a con- 
tinuous length of paper the proper quantity is cut oflT, 
folded, pasted and delivered. From 1,000 to 4,000 
bags per hour of a capacity to hold from two to twenty- 
eight lbs. can be thus made. 

(9.) Finishing. — The cut paper is counted into quires 
of twenty-four sheets, and afterwards into reams of 
twenty quires; these are subjected to very heavy 
pressure in an hydraulic press, and then sent to market. 
The water-mark seen in some papers, and which is 
given to the paper when half formed, was originally 
adopted for the purpose of distinguishing the sorts and 
sizes of paper. The foolscap, the head-dress of a fool 
who in former times formed part of a great man's esta- 
blishment, was a device of a later period, and a paper 
of a particular size is still called foolscap. The maker's 
name is now generally used, but in some cases more for 
ornament than distinction. The water-mark in bank 
notes and other documents is very important to detect 
fraud. 

Varieties of Paper, — Manufactured paper is divided 
into many classes, but chiefly into three, rcriting paper, 
printing paper, and hroTcn paper for wrapping. Blotting 
paper is not sized, and is rendered absorbent by the 
free use of woollen rags. Parchment paper is now made 
by immersing paper in a weak solution of sulphuric 
acid, quickly removed and washed off; this treatment 
produces great toughness, and gives the paper the 
appearance of parchment. 
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ESTIMATES FOR A PAPER MILL. 

Machinery as shown on Plan L. 

£ 

Rag-chopper, or rope-cutting machine, with self-acting feed 

motion, set of knives, pulleys, complete, if required . . 80 

Rag-dusters and willows, with wrought-iron shaft, teeth, gal- 
vanised wire, wood casing, complete 126 

2 Revolving rag-boilers, including all wheels, pulleys, steam- 
pipes, &c., to hold one ton of rags, complete . . . 300 

4 Washing engines, including c€ist-iron trough, with 54 steel 
bars in each roll, bottom plate with 14 steel bars, lifting and 
driving tackle, and fittings 650 

For bleaching chests — the necessary fittings, and an hydraulic 
press, 10" diameter, for half-stuff, with half-stuff boxes lined 
with copper 220 

4 Beating-engines, including cast-iron trough, each roll with 
84 steel bars, bottom plate with 21 steel bars, lighters fixed 
te lift from both sides, complete 750 

Oast-iron girders and columns te support rag-engines and 
shafting, and also te serve as drains ; pipes and valves te 
supply all rag-engines, and connections ; gearing, includ- 
ing shafts, wheels, puUeys, driving-belts, &c. . . . 700 

1 Paper-making machine, to make paper 72 inches wide, in- 
cluding 2 iron stuff-chests 10" diameter, 6 feet deep, with 
agitaters, pulp-regulater, sand-catehers, brass knotter for 
brown and white papers. Wire part, including breast roll, 
38 copper under tube-rolls, 4 copper rolls, copper dandy 
roller, brass deckle, apparatus for regulating width of paper 
and guiding 35 feet of wire, air-pimips and self-actmg 
vacuimi-boxes, save-all, pair of coucher or first-pressing 
rolls, pairs of metal first and second pressing-rolls, regulaters 
for stretehing and guiding felt, shake apparatus, with stands, 
pulleys, wheels, &c. Drying-machine, consisting of 10 
cylinders 3' 6" diameter, fitted with steam and exhaust pipes, 
each cylinder te have a lifter te act either way, strong cir- 
cular framing, cast-iron felt-rollers, copper leading-rollers 
te lead the paper round the machine. Sizing apparatus, 
including 2 brass rolls 8" diameter, iron size-box, with fit- 
tings, complete. Calenders for smoothing paper, 4 rolls 12" 
diameter, with all fittings, complete. All shafting, stands, 
pulleys, fixings for driving paper-machine, complete, with 
wheels for changing the speed of machine ; 1 revolving reel, 
complete, felts, &c. ; 1 steam-engine, high-pressure, cylinder 
12", stroke 3', for driving paper-machine, with arrangement 
for using waste steam for diying paper .... 1,900 
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1 Paper-cutting macMne, lonoitndiQal and t 

east-iron framing, revolTing knife, pulleys, Ac. . 

1 Hydraulic press for finishing dry paper, ram 10", including a. 
set of hydmulic pumps with brass barrels, complete ■ 

Steam-engines, a pair, high-preesare and condensing combined, 
SO horse-power, hot and cold water pumps, vacuum-gauge, 
governor, fly-wheel, with all connections, &c., plates for 
bottem of engine foundations, sjid for pump and condenser, 
&c., complete ; 3 boileta of wrought-iron, with all flie necea- 
Barymountings, injector, &c,;acceBBorieB and extras, including 
the necessary wire-work and knives for lag-cutting tables, 
rag hoist, water-cisterns with pumps to supply rag-eugiuee, 
pipes for taking pulp to stuff-diests, extra articles for paper- 
msking machine, iron rails with turntables for bleach- 
house, &c., boxes with wrought a,xlea (or carrying material, 
dry felta, wire, jackets for couchers, &C 5 

Pacldiig and free delivery on board a vessel .... 
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MaeMiwy at lAoum m Plax L. 

Scale: 40 feet = 1 inch. 





Len/!th, 


Bresdlli 


tr 


HBight, 


feet. 


Bag store-room . . 
Hag-cleaning room . 

BeatiDg-eDginea room 

Packing and linishing 
Warehouse . . . 




65 
43 
52 
76 
76 
134 
107 
82 
42 
64 
40 


41 
41 
23 
33 
33 

33 
27 
35 


1,816 
1,763 
2,132 
3,075 
1,735 
4,422 
3,631 
2,706 
1,386 
1,728 
1,400 


23 
20 
12 
20 
10 
12 
Vi 
12 
20 
13 
10 


41,745 
36,2(i0 
26,584 
61,500 
17,260 
63,064 
42,372 
32,472 
37,720 
20,736 
14,000 


S™"; ; ; 


Total of siiuare f 


et 


andcu 


ic feet 


25,683 




371,703 
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REMARKS ON PAPER MILL. 

The estimate includes all machinery for the general 
manufacture of printing, writing, and packing papers, 
to be made from rags, old gunny bagging, or any ma- 
terial likely to be used for such purpose. 

Paper-making machines vary in width from 54 to 
102 inches ; and it is the width of the wire gauze of the 
paper machine which is the principal element for deter- 
mining its capabilities. The estimate is given for one 
machine, which will make paper 72 inches wide ; this 
is a medium size generally adopted in England. 

Rags will answer very well both for printing and 
writing papers. From straw a thick brown paper is 
made in England ; but for printing and writing only an 
inferior description can be produced, and of little com- 
parative strength. The cost in England of producing 
two kinds of paper of equal quality, one from straw and 
the other from rags, is nearly equal. The waste, and the 
expense of preparing straw pulp for the production of 
paper, are so much more for chemicals, power, and 
labour, that in the end its cost nearly equals that of 
rags. In India and China it will be far cheaper to use 
rags, or any such material, for making paper, than 
straw or grass. 

The waste in working rags in the several processes 
of dusting, washing, boiling, and reduction to half stuff, 
will be in proportion to the quality of rags. For very 
fine white rags about 10, for coarse 13, for coloured 18, 
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and for old pack cloths and ropes from 20 to 30 per 
cent, is the approximate average of waste. In boiling 
rags, lime or soda is used, the choice depending entirely 
on its cheapness. By using revolving boilers there has 
been over the old method an economy of lime 60, of 
time 67, and of fuel 38 per cent. 

The production of paper from the 72 inch machine 
will be 8 tons, more or less, per week, according to the 
speed at which the machine is driven for diflferent quali- 
ties of paper. Paper mills in Europe generally work 
day and night. The paper mill near Calcutta, working 
with improved machinery, has made lately arrange-^ 
ments to work at night by gas made on their premises. 
Writing papers, highly finished, require great care in 
the preparation of pulp, and also a large amount of 
labour and machinery is required in finishing. It would 
be well, therefore, if attention is solely confined to pro- 
duce paper of that quality for which there may be the 
greatest demand. 

In sizing a certain class of printing papers, animal 
gelatine, made from the parings of bullock or buftalo 
hides, with a mixture of alum dissolved in it, is used, 
and placed in a trough between the drying cylinders of 
the paper-making machine. 

Water for the manufacture of paper will be required 
in abundance, and that of a good quality : about 80 cubic 
feet per minute, besides the quantity required for con- 
densing steam-engine. In the production of fine paper 
the quality of the water is very important ; and it is for 
this reason that paper mills in England are widely scat- 
tered, being generally built near pure streams of water. 
If the quality of water is such as to • require filtering, 
two or three large ponds will be necessary to settle it. 
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In the paper mill near Calcutta, the water has first to 
be pumped from the river, and then settled in large 
ponds, and again pumped into the mill cistern ; this has 
cost a good deal. Pumping apparatus will be required 
according to the depth of water to be raised into the 
tanks. If clear water could be obtained by a single 
pumping, the arrangement would be simpler, and much 
less expensive. 

Water power may be employed in driving the ma- 
chinery for preparing the half stuff for making paper, 
if the fall of water near a stream is sufficient, and to 
be relied on at all seasons, which is not generally the 
case. The paper-making machine is invariably driven 
by a separate small steam-engine attached to it, as it 
requires a perfectly regular motion ; and the waste steam 
is employed in heating the cylinders for drying the 
paper. 

Artificial parchment is also made in England from 
the parings of raw hides, by process of manufacture 
identical with that of a paper mill. 

The cheapness of many foreign papers is due to a 
large proportion of white clay in them ; some samples 
contain 30 per cent, and more, the presence of which 
is not apparent from external appearance. 

The Plan L of the Paper Factory shows the rag store 
room apart by itself, separate from the main building ; 
as the rags, from containing moisture and being over- 
heated in a closed room, are liable to take fire. The 
store room for rags is below, and tables for rag-cutting 
above ; from which room the rags are carried to the 
adjoining room for dusting, then to the boiling room, 
then to the rag engine room, which is one story high, 
in which there are columns and girders, included in the 
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estimate. This is a great improvement, as it serves for 
rag engines, for supporting shafting, for carrying off 
the dirty water, and also for drainage of the rag engine 
floor. This arrangement will also save masonry work. 
Near the rag engine room, in the adjoining wing, are 
iron chests for half stuff, and the paper making and 
cutting machines ; next to it are the finishing and pack- 
ing rooms, warehouse, and offices. 

The ^t?5^ of machinery and buildings, water tanks, &c., 
may be roughly calculated at from £17,500 to £20,000. 
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QUANTITY AND VALUE OF PAPER AND STATIONERY- 
EXPORTED FROM GREAT BRITAIN TO INDIA.* 



Year. 


Paper. 


Value. 


stationery. 




cwts. 


£ 


£ 


1866 


27,335 


91,713 


31,777 


1866 


25,481 


90,123 


32,937 ' 


1864 


30,642 


105,634 


32,867 


1863 


28,277 


98,174 


37,323 


1862 


30,403 


104,945 


31,220 


1861 


19,302 


89,977 


35,811 


1860 


20,187 


96,752 


35,622 




Including 


paper and e 


ttationery. 


1859 




174,811 


1 

1 

1 


1858 




177,882 




1857 




160,837 




1856 




171,740 


1 



* From Board of Trade KeKims. 



IRON FOUNDRY AND WORKSHOPS. 




INTRODUCnON. 

The commerce between Asia and England, and otiher 
parts of the world, is now conducted by a prodigioua 
mercantile fleet. One single steam navigation com* 
pany — tbe Peninsular and Oriental — possesses nearly 
fifty large steamers, a number equal to tbe navy of a 
second or tbird rate state in Europe ; and some of them 
nearly 3,000 tons burthen. The Company has a capital 
ofi3,300,000. 

At Calcutta, and in the magnificent harbour of Bom- 
bay, may be seen at one time hundreds of vessels with 
the flags of all nations flying on their mastfl. For 
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repairs of vessels, making good any breakage of 
machinery, and such other work as must be executed 
on the spot without any delay, the Peninsular and 
Oriental, and other steam navigation companies, have 
established iron foundries and iron workshops, fitted 
with improved machinery. But it will be scarcely 
credited that, in several ports, for instance in Bombay, 
where, besides the shipping, there are several cotton 
presses, cotton mills, and other industrial works, carried 
on with the aid of machinery, up to within a few years 
all the private work in repairs, or making good the 
breakages in machinery, was obliged to be executed in 
the Government Gun Carriage Factory, and was, of 
course, done at the leisure and convenience of the 
Government officials ; though now there are two or 
three small private iron foundries and workshops, but 
not one worthy of the name. 

It is in the iron foundry and the smithy that the iron 
is converted into several required forms, either by casting 
it in the foundry, — or in the smithy where the pig-iron 
is turned into malleable bar iron. Then it is shaped 
into different forms by various machines designed for 
the special work, either by cutting off the superfluous 
portions in the form of chips, or by hammering with a 
steam hammer, and producing a given form by shaping 
and joining all pieces together. 

In machine tools, a good many improvements have been 
introduced in Europe from time to time. In England, 
Mr. Whitworth has aimed at nothing short of absolute 
constructive perfection, in which he has been so suc- 
cessful, that in other departments of machine-making 
his principles have been adopted. It was he who first 
appreciated the importance and value of a method of 
scraping by machinery for obtaining true surfaces ; 
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seeing that by the old method the emery used for 
grindiiig became fixed in the pores of the metal, causing 
a rapid wear of the surface, which at one time impeded 
the progress of improvement in construction. 

Along with true plane surface, the means of accurate 
measurement were thought by him of primary import- 
ance, and are now universally acknowledged. In the 
workshops of Messrs. Whitworth, in Manchester, now 
carried on by a Limited Liability Company, may be 
seen a small machine by which a difference in length or 
thickness of the one-millionth part of an inch may be 
detected ! Mr. Whitworth also introduced a uniform 
system of screw threads, which, from its merit, has 
now become very generally adopted, and standard 
gauges of size are manufactured for use in all work- 
shops. It was Mr. Whitworth who first adopted the 
principle of hollow casting for giving strength with a 
minimimi of material. 

Lathes are now made in Europe that would turn with 
ease a mass of fifty tons in weight, or as many feet in 
length ; planing-machines that will bring to truth and 
flatness surfaces of 40 feet by 10 or 12 feet ; boring- 
machines that will scoop out cylinders more than 12 
feet diameter ; slotting-machines that will gradually 
chop asunder a block of steel a yard thick ; shears 
that will bite through a bar of forged iron a foot wide ; 
and steam hammers of twenty tons and upwards, falling 
twelve feet, whose blow at a distance is felt as that of 
an earthquake. All the machines in the turning-shop 
are so completed and connected in a series that each in 
turn takes up the work from a previous one, and carries 
it another step towards completion ; so that the atten- 
dant merely conveys the work delivered from one 
machine and places it in the next, finally receiving it 
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complete from the last machine. These several 
machines for working in iron, brass, and other metals 
are self-acting, work with great precision and extreme 
accuracy, and are adapted to the nature of the work, 
whereby the need of skill and dexterity in the work- 
man is not so indispensable. 

A self-acting fan is now an indispensable machine 
in smithies and foundries, and is also in very general 
use in several other manufacturing arts. Compared 
with the blast of the old bellows worked by hand, 
it is far superior, and gives a imiform stream of air. 
By its means the smith heats his work with great pre- 
cision. In the smithy the main pipes from the fan 
are furnished with nozzle pipes of different diameters, 
and the pressure of the blast varies. The fan is also 
used in foundries, with a cupola furnace. 

In India some people pride themselves upon execut- 
ing all kinds of work with a simple tool. But this is 
a mistake, and the more so if the merit of the work 
should show a natural aptitude in the workman ; for it 
is certain that if he has made good work with a bad 
tool, he woidd make better with a good one. Let Asia 
work with improved tools, and her progress in the arts 
will be rapid. To work with a few primitive tools 
when better tools exist is a loss of strength and re- 
sources. The machines made in England for working 
in metals have not been surpassed in workmanship, 
precision of action, or beauty of form, by those of any 
other nation. It will be a good sign of the progress 
of improvement if Asia shoidd require of England for 
some years to come machinery a thousand-fold more 
than she does at present ; machinery which she is so 
well able to supply, with her coal and iron mines so 
fully developed, to the mutual benefit of both countries. 
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PRACTICAL PROCESSES IN IRON FOTJNDRY 
AND MACHINE WORKSHOPS. 




Iron Foundry, — The iron which is intended for 
castings is melted in a " cupola '* furnace ; the blast to 
the furnace being supplied by a self-acting fan worked 
from a steam-engine. When the iron is completely 
melted, the lower portion of the furnace is openeii, and 
the white-hot stream of iron is carried in ladles to be 
poured into the mould. The mould is a box filled with 
sand, in which a wooden pattern of the intended cast- 
ing is pressed, and the sand rammed down. A hole 
in the box receives the melted metal, which by a 
channel freely nms into the hollows left by the pattern, 
and completely fills it. When the metal has cooled, the 
casting is removed. If the casting to be made is not 
solid, but hollow, then solid metal patterns called coreSy 
made a little smaller than the hollow left by the real 
pattern, are used. 
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Brass Foundry. — Braes is not a simple metal like 
iron, but is made by the direct mixture of copper and 
zinc. The brass fiimace is buUt 
of fire-bricks. Tte crucible is 
formed of clay or plumbago. 
When the copper is melted, 
zinc is dropped in, in such 
proportions as may be neces- 
sary to obtain various denies 
of hardness and colour. Wten 
the two metals are completely 
I mixed, the crucible is with- 
drawn and its contents poured 
into moulds of sand. The 
method of making moulds for 
casting in brass is similar to 
that &T iron. The materials 
for making moulds are fine 
sand or loam, and wood char- 
coal powder, which copies 
sharply all minute details of the pattern.' 

Self-acting Lathe is one of the principal cutting 
machine tools in a workshop, and is the oldest as well 





as the most serviceable. The slide-rest is an appendage 
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to the turning-latlie, and is so contrived as to hold a 
tool firmly to the work. The tool is held in a sort of 
iron hand or vice, which is made to move in the re- 
quired direction by means of a slide by turning the 
handle ; while the depth of the cut is regulated by an 
under slide. By the separate or combined action of 
the two slides the tool can be made to act along or 
across the work with great accuracy. Lathes are also 
made for ornamental turning, which are most complete 
self-acting tools for the production of regular forms, 
both simple and complex. 

Self -acting Planing Machine is an application of the 
slide-rest for smoothing the surface, removing all 
irregularities, and producing a correct plane. The work 
is firmly bolted to the table, moving backwards and 
forwards imder the cutting tool, which admits of 
accurate adjustment. Some machines are made to 
plane in both ways while the table advances and re- 
turns ; but a great number are made to plane in one 
way, and a quick return motion is applied to the table 
to increase the performance and shorten the time. The 
cutting tool is kept cool during the work by allowing 
cold water to drip upon it, otherwise the edge woidd 
become soft. 

Self-acting Slotting Machine is designed for the pur- 
pose of drilling slots or sinking slots through pieces 
of metal, or by cutting out of the solid metal. It is 
useful in replacing the labour of mechanics in chipping 
metal ; it is further usefid in economising the labour of 
smiths, as by its varied and rapid operations from a 
shapeless forging a finished form is produced, which by 
hand labour would consume much time, and would in- 
jure the quality of the metal by repeated operations. 
The efficiency of this slot-drilling is due to the form of 
the drill. 

Self-acting Vertical Drilling and Boring Machine 
has its frame hollow, and for levelling and fcdng work 
when too high for the table the foundation ^te is 
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planed and grooved. The table haa a Tcrtical sKde 
adjustment, and swivels horizontally, to allow of larger 
objects being placed on the sole-plate of the machioe. 




The machine is compact and self-contained. Smaller and 
similar machines are made, in which the driving gear 
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18 simple, and the table is raised or lovered by means 
of a screw and a Iiandle. 

Self-acting Radial Drilling Machine is made witb a 
radial arm or jib carrying the drill, which ia movable. 
It wiU compass any object within its range, according 
to the size of the maclune. A means for turning the 
jib on its centre for adjustment or otherwise is provided 
m different ways by different makers. It is hung and 
swivels upon a bracket sliding vertically upon the 
flat surface of the frame to any required elevation. 

Self-acting Shaping Machine is used for shaping 
levers, connecting rods, cranks, and similar articles 
that do not admit of being finished in the lathe. There 
are several self-acting motions for shaping horizontal, 
vertical, angular, and circular work, and also for hollow 
curves. For holding the work vertically or longitudi- 
nally there are tables. Shaping machines, like planing 
machines, cut one way, and are driven with a quick 
return motion, excepting for the smallest sizes. In 
some of these machines, instead of the work traversing 
imder the drill, the drill travels over the work, 




Pmuhng and Shearing Machine is designed for punch- 
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ing holes and for shearing or cutting plates in the smithy 
and boiler shops. It has a triplicate lever applied for 
working the punch and shears, also for spacing out the 
rivet holes preciselv to the length of the plate. The 

S)unch for making holes in the plates is balanced by a 
ever, and it may be raised or put out of action without 
stopping the machine. There is a contrivance for ad- 
mitting long lengths of bars or narrow plates to be 
placed and cut off in the machine. 

The Steam Hammer is capable of so gentle a work 
as cracking a nut, or of so tremendous a power as 
crushing a mass of iron. By means of a valve which 
is worked with ease and celerity, the velocity and force 
of the blow are regulated acconfing as the nature of the 
work may require. The force of the blow may be varied 
instantly, from the utmost intensity to a mere touch, and 
any number of blows may be given with any rapidity up 
to 280 per minute. The hammer is worked wiUi steam ; 
as the hammer rises the steam is shut off. 
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ESTIMATES FOR AN IRON FOUNDRY AND MACHINE 

WORESHOPS. 

Iron Foundry. 

£ 

1 Cnpola fittings complete 230 

1 Fan, 42" complete 61 

1 Grinding mill 260 

1 Travelling crane, span 40 281 

Miscellaneous, incluc^g a 3 ton ladle, 6 small ladles, 6 lifting 

chains, core carriage, stove door, &c 206 

Smithy and Boiler Shop. 

6 Smiths' hearths 309 

1 Fan, 22" 30 

1 Plate hending machine, 6' 241 

1 Punching and shearing machine 166 

1 Steam hammer 196 

Miscellaneous, grindstone complete, 6 sets smiths' tools and ham- 
mers, boiler makers' tools and hammers, anvils, blocks, 

stands, &c 663 

Turning and Erectino Shop. 

1 Slide break lathe, te take in 20 feet between centres . . 471 
1 Slide and screw-cutting lathe, bed 20 feet long . . .207 

1 Slide screw-cutting la&e, bed 16 feet long .... 166 
1 Slide screw-cutting lathe, bed 12 feet long . . . .129 

1 Hand-turning lathe, bed 16 feet long 116 

1 Heuid-tuming lathe, bed 14 feet long 92 

1 Hand-turning lathe, bed 12 feet long 79 

1 Planing machine te plane 12 by 4*6 by 4*6 .... 423 

1 Planing machine to plane 6 by 2*6 by 2*6 . . . . 148 

1 Vertical drilling machine to admit 3'*8" diam., double geared 106 

1 Vertical drilling machine to admit 3'*0" diam., single geared . 66 

1 Radial drilling machine, 8 feet radius 336 

1 Radial drilling machine, 4 feet 6 in. radius . . . .132 

1 Shaping macmne, stroke 12^" 140 

1 Shaping machine, stroke 9" 96 

1 Slotting machine, stroke 18" 247 

1 Slotting machine, stroke 12" 143 

1 Vertic^ boring machine , 333 

1 Screwing machine 97 

2 Grindstones with frames 76 

Miscellaneous, including sets drills and steel tools required for the 

machine tools, chipping hammers, steel chisels, cylindrical 

gauges, and sundries 203 

1 High-pressure steam-engine, boiler, gearing, shafting, pedes- 
tals, strapping, &c. Packing and free delivery on board 
a vessel 2,212 

£8,607 
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ESTIMATE FOR A MECHANICS' SHOP TO BE ATTACHED 

TO MILLS AND FACTORIES. 



12-mch double-geared sliding and screw-cutting lathe, self- 
acting bed 15 feet long, complete, with compound slide-rest, 
large face plate, shaft, pulleys, and hangers . . . .190 

Planing machine, self-acting, to plane 6X^X3, with quick 
return motion, complete 181 

Vertical drilling machine, self-acting for holes 4 by 10 deep, ] 
with radial table, shaft, pulleys, complete 81 

Set taps and dies to screw ^ to I", complete in case . . ^ 

Grinding-stone, set of steel drills, drilling tackle, and other 
tools and sundries 100 

Steam-engine for driving all machines, complete ; one self- 
acting fan worked by engine for smith's hearth, complete . 



260 
£812 



DIMENSIONS Oy IRON WORKSHOPS. 

Machinery as shown on Plan M. 
Scale : 30 feet = 1 inch. 



Iron foundry 

Brass foundry, &c. . . . 
Sand-mixing room . . . 
Turning and erecting shop 
Smithy and boiler-making ) 

shop ) 

Iron store-room, pattern i 

room, &c ) 



Length, 


Breadth, 


feet. 


feet. 


93 


44 


30 


23 


18 


12 


134 


54 


115 


33 


198 


22 



Square I Height, 
feet. feet. 



4,092 
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216 

7,236 

3,795 
4,356 



40 
20 
10 
30 

25 
20 



Cubic 
feet. 



163,680 

13,800 
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217,080 

94,875 
87,120 



Total of square feet and cubic feet 20,385 
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REMARKS ON MACHINE WORKSHOPS. 

The estimate includes all macliinery for iron foundry 
and workshops, on such a scale as to answer all pur- 
poses required in places visited by shipping, or where 
large industrial works are carried on with the aid of 
machinery — such as cotton presses, cotton, jute, and 
other factories, &c. Besides repairs, and making good 
any break-down in the machinery, the foundry work- 
shops will be capable of turning out new steam-engines, 
boilers, and new machines of a moderate size, complete 
in every respect, and similar to those made in English 
establishments. 

The Plan M shows the arrangement of the whole 
works. In the front wing, on one side, is the pattern 
shop, in which a facsimile of the article required is 
made in wood. Next to the pattern shop is the store- 
rooni for these patterns. The iron foundry which 
adjoins receives these wooden patterns, and takes an 
impression of them in sand, running melted iron into 
the sand moulds, and thus producing the article in iron 
of the exact required form. As such casting of iron or 
brass is, comparatively speaking, rough and inaccurate, 
it is sent to the machine or turning shop, fitted with 
machine tools, to be turned, planed, and shaped. In 
the erecting shop all the different pieces of the whole 
work are fitted, completed, and made ready to be de- 
spatched from the works. This is the course of any 
piece of work executed in cast-iron. Wrought-iron, 
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however, being a metal which cannot be cast, being 
malleable instead, is formed or wrought into the re- 
quired shape by the aid of the forge and steam hammer, 
in the smithy-shop, which is placed on plan on the 
other side of the iron foundry. The turning shops are 
midway, so that all the subsequent operations of turn- 
ing and planing in wrought-iron may be performed 
with equal facility as in cast-iron. Self-acting fans, 
driven by the steam-engine, have been placed in their 
proper positions for supplying blast to the furnaces in 
the iron foundry, and for the smiths' hearths. Both in 
the iron foundry and in the machine and erecting shop 
travelling cranes have been provided, so as to carry 
heavy articles with ease into any part of the shop. 

Every machine in use in a workshop is constructed 
to perform a certain specific operation, and accordingly 
contains parts especially applied to the work in ques- 
tion ; which working parts are connected by the 
mechanism in such a manner that each shall move 
according to the nature of the work. 

The total cost of the foundry and workshops, includ- 
ing all machine tools, as shown on Plan M, and ^eci- 
fied in the estimate, including cost of buildings and 
other necessary expenses for putting the works in 
complete working order, may be put down at about 
£30,000. But workshops may be erected of any size, 
from £500 and upwards, and fitted up with machine 
tools designed for any special work, or for making any 
articles in large quantities that may be in general 
demand. With a view, therefore, of facilitating and 
determining approximately the cost of such workshops, 
the prices of the machine tools have been given in 
detail, so that any item may be omitted from the list, 
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according to the amount of capital that may be proposed 
to be invested. 

In a description of the extensive works of John 
Brown and Co., Sheffield, where large quantities of 
rails are manufactured for Indian railways, the " Engi- 
neering Journal,'' November, 1866, stated that ''small 
quantities of Indian iron have been obtained, and it 
has proved fully equal to the best Swedish.'* The 
refined English pig iron is not sufficiently pure for 
conversion into steel, and large quantities of Swedish 
iron are imported into England for that purpose. 

The machinery in some of the Calcutta jute factories 
has been made there, though a major portion has been 
sent over from England. 

In every factory or mill established for any purpose, 
a mechanics' shop fitted up with tools, more or less in 
number, will be required, in proportion to the size of 
the factory, and the local facilities afibrded for eflecting 
repairs or making any new articles. A separate esti- 
mate for a mechanics' shop has been given, which will 
be appKcable to a great many factories of moderate 
size. The best plan will be to drive the machine tools 
by a small portable engine, independently of the large 
engine in the factory. 

In almost all towns in India, working in iron and 
brass is carried on for making domestic utensils, and 
for such other purposes, but by very rude and imperfect 
appliances, and entirely by manual labour. Thousands 
of hundredweights of yellow metal sheeting and sheet 
brass, besides large quantities of other metals, are im- 
ported into India. There is great room in some 
respects for introducing improved machines and appli- 
ances for working in metal, for articles in common 
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every-day use, which are now produced by individual 
efforts or handicrafts all over India and other parts of 
Asia. 

In Bombay, a native foreman employed at the gun 
carriage factory was the first to start a small iron 
foundry, and by honest industry succeeded beyond his 
expectations, and in a few years made a fortune. His 
example has been followed by two or three others, 
with complete success. But there is still a want in 
Bombay and other places of an iron foundry and work- 
shops on a scale worthy to be called by that name. 
Calcutta seems to be better off in this respect, chiefly 
on account of the large numbers of Europeans in the 
Bengal Presidency ; and more by their enterprise than 
that of the natives, the iron foundries and workshops 
in Calcutta have been established. 

Two English gentlemen connected with the iron 
trade, who went to the Continent for the express pur- 
pose of making inquiries on the subject of foreign 
competition, wrote to the London TimeSy December, 
1866, that "Belgiiun and France have thrust us out 
of the foreign markets. They have almost monopolised 
in Russia the trade in iron for railway purposes. They 
make the rails, they supply the locomotive engines, the 
roofs for stations, and pillars, and they build the car- 
riages. A like state of things obtains in Spain. Even 
at home in England, within our own boundaries, these 
pushing people are challenging our supremacy." 
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INTKODUCriON. 



Every one is more or less interested in timber, so 
largely is it used in building houses, factories, boats, 
ships, furniture, and for other like purposes, and also as 
fuel in many countries. Though a saw-mill for cutting 
logs of timber, moved by water power, was in use in 
Europe in the thirteenth century, on the Malabar coast 
and in Bombay machinery for cutting logs of timber 
was not introduced and worked successfully until within 
the last six years. It was introduced, not by any native, 
but by a European firm fully engaged in the cotton 
tind other piece goods trade. There is a general com- 
plaint, particularly in Bombay, that house rent is ex- 
cessive and living very dear ; and this is a matter of 
no surprise, when we consider that logs of timber used 
in buildings are brought to the place where the build- 
ings are to be erected, and sawn by the tedious process 
of hand-labour, and that the firewood is cut by hand 
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up to this moment in Bombay, a city which has more 
population than either Liverpool or Manchester. In 
Eng'land, in the smallest town even in the country, 
there is always a yard stored with timber, cut by 
machinery, of all sizes used in the building trade, 
well seasoned ; and a house or iactory can be built in 
less than one-fourth the time taken in India. Por pre- 
paring all parts of doors and windows, machinery is 
employed ; and large factories have been erected in 
some parts of Europe for turning out doors and windows 
for export to London and other places ; while the same 
work is done by hand in India. For this reason, in 
some of the Bombay mills built latterly may be seen 
hundreds of ir<m windows made at Birmingham, which 
have cost less than timber windows would have cost. 
As in iron work, so in timber work, there are machine 
tools designed for the special work intended to be per- 
formed. Machines are made and used extensively for 
sawing timber, planing, edging, tonguing, grooving, 
and moulding, by which the production of work has 
been increased, and the price cheapened. 
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TIMBER WOEKING MACHINERY. 

Timber Frames are designed for sawing round or 
square logs of any description of timber into boards or 
planks of any required thickness. They are fitted with 
upright saws, and the timber to be cut is placed on an 
iron rack carriage with quick motion for running for- 
ward or backward, the speed of which is regulated 
with any degree of nicety. Adjustable clips for hold- 
ing the timber whilst being sawn are attached to the 
carriage, for the purpose of following the irregularities 
of the logs. These machines are made to take in a 
log of timber from 50 to 20 feet long, and to saw 
from 42 to 16 inches. They carry one saw to every 
inch in width of the machine, according to the size it 
is made, and require from 10 to 3 horse-power to drive 
them. There are also circular saw benches made for 
cutting timber, plain or self-acting, with travelling bed. 

Roller Planing Machine will plane, joint, tongue, 
and groove all kinds of timber, effecting all the pro- 
cesses at one operation, or each singly. The timber is 
propelled through the machine by means of rollers, 
some of which are so arranged that they can be 
raised or lowered together for various thicknesses of 
timber, by turning a wheel at the end of the machine. 
The under side is planed by two fixed cutters, which 
are easily taken out for sharpening. A revolving 
cutter is placed before the stationary cutters for the 
purpose of taking off the rough surface, and the edges 
are either jointed, rebated, or tongued and grooved, by 
means of cutters fixed in two revolving blocks. 

Moulding Machine is adapted for cutting single or 
double mouldings of any pattern, and giving a smooth 
finish to the mouldings. The boards are brought 
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forward by revolving feed-rollers, and the action of 
moulding is done on all its surfaces at once by means 
of four sets of revolving blocks carrying cutters of the 
shapes required, running at great speed. The mould- 
ings are cut with great accuracy. Boards are also 
planed in this machine by attaching plain or straight 
cutters to the top and bottom blocks, and edffed accord- 
ing to the kind of cutters fixed to the side blocks. The 
boards pass through this machine for moulding at the 
rate of from 10 to 30 feet per minute. 

Circular Moulding Machine is adapted for moulding 
circles and wood of any irregular shape, such as circular 
heads of sashes, hand-rails, table edges, and various 
things in joinery and cabinet work. 

Veneer Sawing Machine is for the purpose of cutting 
various kinds of hard and fancy woods into slices or 
veneers. The saws are extremely thin, and are attached 
in segments to a cast-iron disc, which is truly turned 
and balanced. 

Cross Cut Saw Bench is intended for cross cutting 
planks to any required length, and squaring all the 
ends to the greatest nicety. 

Tenoning Machine is designed for cutting the end of 
a piece of wood so as to fit into another piece, and is 
applicable for doors, windows, sashes, shutters, and 
other joiner's or cabinet work. The double tenoning 
machine is particularly applicable for cutting double 
tenons in framing for railway carriages, wagons, and 
other heavy descriptions of timber. 

Vertical Boring Machine is made for cutting holes 
in wood, and will bore holes of any size up to 3 inches 
diameter, and 16 inches deep. It requires about one 
horse power to drive it. In some machines the cutting 
tool operates vertically, and in other machines hori- 
zontally. In machines of this class some are made in 
which a round hole is bored, and then other tools follow 
for squaring out the four corners and sides. 
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ESTIMATE FOR A TIMBER MILL. 

£ 

1 Timber frame, 36 inches, for cuttdng logs or trees into 
boards or scantlings, with rack-caniage, worked by a 
pinion, with quick motion, dips, and saws, each buckled, 
complete . 360 

1 Planing machine, for working timber up to 5 x 12, and 
for jointing, tonguing, and grooying, either in one com- 
pound operation or singly ; including assorted irons of 
different sizes . 298 

1 Moulding machine, capable of moulding up to 3 x 9 ; 

calendar rollers, including 1 set of cutters, complete . . 117 

1 Yeneer sawing machine, with 10-feet disk, sliding car- 
riage, with rack and pinion, setting-in motion for the 
required thickness of yeneer, including 1 set of segments, 
complete 231 

1 Plain saw bench, to carry a saw 42 inches diameter, with 

spindle and pulley, including 2 saws, 36 and 42", complete . 50 

1 Steam - engine, horizontal, high - pressure, dmmeter of 
cylinder 16", stroke 30", fitted with piston, governor, 
improved valve, water heater, &c., complete ; 1 boiler, 
20 X 5*6, fitted with safety-valves, water and steam- 
gauges, &c., complete; shafkmg and gearing for driving 
all machinery, including all wheels, couplings, pulleys, 
pedestals, columns, lubricators 711 

Miscellaneous, including moulding grinder, grinding machine, 
belts for driving; extras, and sundries ; and packing, and free 
delivery on board a vessel . . . . . . . 332 

£2,089 



ESTIMATE FOR WINDOW AND DOOR MACHINERY. 

1 Squaring machine, for planing and squaring timber for the 
framing of doors, sashes, &c., to plane 18 feet long by 18 
inches wide, with disk and cutters, travelling-bed, including^ 
cutters, complete I57 

1 Cross-cut saw bench, self-acting, arranged for different 

thicknesses in wood, including 2 saws 35 
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£ 

1 Circular moulding machine, for circles and iiiegular shapes, 

a double-edged cutter, complete 38 

2 Double tenoning machines, bed having a lateral slide, 

cutter, with rack and pinion and balance- weights, including 

6 cutters, complete 225 

1 Vertical boring machine, for boring holes 3" diam., 16" deep, 

including 6 augurs 46 

1 Saw bench, for sawing, tonguing, &c., parallel fence, &c., 

complete 33 

1 Steam-engine, horizontal, high-pressure, cylinder 13'' dia- 
meter, stroke 24", complete ; 1 boiler, complete, with all 
fittings, yalves, pipes, &c. ; shafting and gearing, including 
all wheels, pedestals, pulleys, iron columns, &c. . . . 679 

Miscellaneous, including belts for driving and other sundries, 

packing, including free deliyery on board a vessel . . 247 

£1,460 



ESTIMATE FOE PACKING-CASE MACHINEKY. 

£ 
1 Cross-cut saw bench, complete, including 2 saws, 16'' and 18" . 35 
1 Plain saw bench, complete, including 2 circular saws, 18" and 

24" 20 

I Steam-engine, high-pressure, boiler, shafting, belts, sundries, 

extras, packing, delivery. 215 

£270 
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DIMENSIONS OF A SAW MILL. 

Machinery as shown on Plan N. 
Scale, 25 feet = 1 incli. 





Length, 
feet. 


Breadth, 
feet. 


Sgnare 
feet. 


Height, 
feet. 


Cntnc 
feet. 


Saw mill, for cuttmg 
logs of timber . . . 

Door and window-mak- 
ing room .... 

Packing-case room . . 

Wheel-making room . 

2 Boiler houses . . . 

2 Boiler houses • . . 

Total of square feet a 
Open yard for st 


65 

74 
65 
74 
18 
18 


50 

50 
50 
50 
15 
15 


3,250 

3,700 

3,250 

3,700 

270 

270 


12 

12 
12 
12 
10 
10 

feet. 


39,000 

44,400 

39,000 

44,400 

2,700 

2,700 


md cub 
.oring t 


ic feet 
imber, 1 


14,440 
.50 by 40 


172,200 
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REMARKS ON TIMBER MILL. 

Machinery for working in wood is made suitable for 
builders, joiners, contractors, and timber merchants, 
each adapted for its special trade, either for temporary 
or permanent works of all sizes, and driyen by a portable 
or a fixed steam-engine. 

The estimates for the timber saw-mill and other 
machinery are given for a complete permanent work, 
and include all machines for sawing, planing, and 
working the same in doors, windows, mouldings, &c., 
and on a scale to answer all the requirements of a 
complete timber mill. 

With a view of making the estimates useful and 
applicable in more instances than would be the case 
otherwise, they have been divided into four sets, as 
follows, and the cost of machinery in roimd numbers 
for each will be for th( 



£ 
Timber saw-mill .... 2,100 
Window and door machinery . . 1,460 
Packing-case machinery . . 270 

Wheel-making machinery . . 2,334 

— including st^am-engines and boilers so made as to 
bum wood shavings and waste of the factory, and re- 
quiring a proportionably less quantity of coals. 

The total cost for the entire works complete for 
carrying on all the operations at one establishment, and 
answering all the purposes of a complete timber fac- 
tory, may be put down — including buildings, and erec- 
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tion of macliinery in working order — at from £13,000 
to £16,000. However, in the estimates the price of 
each machine, the use of which has been defined, is 
given separately; so that machinery for working 
in timber may be erected on any scale, and any items 
omitted from the estimates which may not be required. 
Thus timber mills may be erected of any size, and 
from £500 and upwards, and fitted with machines 
adapted for any special work. 

The Plans N of timber mill have been so arranged 
that each of the four blocks may be erected separately, 
or all together as one establishment, where all the 
operations may be carried on one after the other in the 
same works, and in the same place. Thus each plan is 
complete in itself, taken separately, with its steam- 
engine and boiler, or the four may be combined to- 
gether as one, as shown on Plan N. 
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TNTKODUCTION. 



Fbovidence has scattered grain, in many o( its 

varietiee, widely oyer the earth. Rice ia extensively 

cultivated in Asia, 

from whence it has 

extended gradually to 

the southern parta 

of Europe, and has 

been introduced also 

into America Wheat 

and barley extend to 

aU the temperate re- 

giona 

For the food of 
man it is well under- 
stood that no article 
IS so well adapted as 
corn in many of its 
vaneties, as it con- 
tains all the ingredi- 
ents for forming and 
sustaining the fat, 
the muscle, and the 
bone in the human 
body. Throughout 
all parts of Asia it is 
used as the principal 
food of the inhabi- 
tants, more so than in Europe, though even in Europe 
bread is called the staff of life. 
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In such a simple art as tliat of reducing the grain to 
a powder, or to a 8tat« fit for making bread, the Eastern 
world is many ages behind the Western. The art of 
grinding com into flour in Asia is practised np to the 
present time as it was thousands of years ago. It is 
the practice for the women to grind com by means of 
a hand-mill, which is to be found in every house — rich 
or poor. The hand-mill consists of two flat stones 
about two feet in diameter, kept rolling one on the 
other by means of a stick. The com falls down through 
a hole in the middle, and by the circular motion it is 
bruised and reduced into dour, which &lls out at the 
rim of the millstones. Such is the primitive way in 




which the grinding of some of the most important 
articles of food has gone on in Asia from generation to 
generation, without any improvement up to the present 
time. 

In Europe, the art of grinding com has undergone 
many modifications. Com mills were erected, in which 
at first wind or water power was made use of in driving 
the stones. But it was only at the close of the last 
century that important progress was made in the pro- 
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cess of grinding, or in the deyelopment of those princi- 
ples by which the whole operation is now reduced to a 
system. By the introduction of steam into com mills, as 
into every other manufacture, a great change has been 
eflTected, giving certainty and effect, and reducing the 
cost of working. Corn mills are made to depend no 
longer upon the state of wind or the supply of water, 
the whole operation being now carried on by steam 
power. Mills are erected in the very heart of European 
towns, and most of the changes and improvements 
visible are owing to the use of steam. 

In a modern com mill little manual labour is re- 
quired. The com to be ground is conducted by a self- 
acting elevator to a machine, where it is cleansed from 
the dust and other extraneous matters which are foimd 
more or less combined with it, by the action of a blast 
from a self-acting fan, and the dust is carried off 
through a closed passage to the outside of the mill. 
The grain being thus cleansed is greatly improved in 
whiteness and wholesomeness. It is then taken up 
by another self-acting elevator, and by an endless 
screw-conveyor delivered into the opening or hopper 
which surmounts the millstones. The stones revolve 
rapidly like other machines by wheels connected with 
the steam-engine. In the hopper which supplies com 
to the millstones, a jigging motion is kept up, so as to 
shake the com over the stones in equable quantities, 
and thus a regular supply enters between the stones. So 
long as this action is going on properly a little bell is 
made to ring, the motion of which ceases with the 
supply of wheat. The stones are completely boxed in, 
and a blast of air plays upon the grinding surfaces of 
the stones for the purpose of keeping them cool and 
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removing the flour as &at aa it is formed ; the effect of 
which is, that nearly tvice as much com can be groand 
per hour as on the old system, and when the machinery 
is in operation, no dust or flour is flying in the mill. 

The com, after being reduced by the millstones into 
flour, is taken up by a revolving band fitted with a 
nnmber of leathern cups to a dressing machine, covered 
with wire or silk cloth of different degrees of fineness ; 
in which the meal is separated into fine and coarse 
flour of different qualities, and bran. The finest of the 
flour passes through the upper end of the machine 
which contains the finest wire or silk cloth ; the next 
division, fitted with coarser cloth ; and so on, producing 
different quaUties of flour ; while the bran, which is the 
outer husk of the grain, and used for feeding cattle, 
being too coarse to go through any of the divisions of 
the wire cloth, is discharged at the other end of the 
machine. 

It is a melancholy fact, that in the vast Eastern Con- 
tinent, producing every variety of the principal cereals, 
and where com forma the principal article of food of the 
nmjority of the people, and is so essential to the main- 
tenance of health, there are so few, hardly any, com 
mills working with improved modem appliances. 




A COEN MILL. 



HING FROCESSB8. 



(1.) The Stnui Machine is used for the purpose of clean- 
ing all kinds oi grain before grinding, and separat- 
ing dust and small 
gravel. The grain, rprr, p^ ii u i ^ . -m ..-.^— ^i p7! 

in the first place, |iiCJ "'i ii i I ' l l'. B| -- t U 

is elevated from a 
reservoir in the grain 
store-room by a self- 
acting apparatus with- 
out manual labour, and 
fed into this cleaning 
machine at its upper 
extremity. Then it is 
thoroughly agitated in 
its passage through 
this machine, in a wire 
cage, and exposed to a 
current of blast from 
a fan, which completes 
the removal of chaff 
and dirt. The result 
is that the whiteness 
of the flour is greatly 
improved, and also its 
wholesomeness, on ac- 
count of the impurities being separated, which collect 
in the casing. 

(2.) GrindiTig Stones. — The cleansed com is elevated 
again, and by an endless screw conveyor conveyed 
into the hoppers of the grinding stones, where by 
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machinery a ji^gins motion is kc^t op, so as to ahaka 
the com, and let it fall over the stones in equal qoan- 
titiee. So long as this action is going on properly s 




little bell is made to ring, the motion of which ceasee 
with the supply of wheat. The atones are so dressed, 
grooved, and divided into parts, that when working 
the sharp edges meet each o^er like a pair of scissors. 
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and grind corn effecttvely. In modem milla an artificial 
blast is alao used to keep the stones cool at the time of 
grinding. 

(3.) JJreaaing Machine. — Another elevator carries the 
ground grain, or meal, from the stones to a dressing 
machine above the stones, consisting of a revolving 
hollow cylinder placed in a slanting position, turning 
about 650 times a minute. The cyhnder is covered 
with fine wire gauze, or fine silk cloth made for the 




purpose. The fioest of the flour passes to the upper 
end of the dressing machine, which contains the toieat 
cloth, then to the next division of coarser cloth, and so 
on, till the bran, which is too coarse to pass through 
any of the meshes, falls out at the other end of the 
machine. To the bottom of the machine are attached 
sacks, which, being filled with clean flour, are removed 
as required. 
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ESTIMATE FOR A CORN MILL. 
Machinery as shown on Plan O. 

1 Com el^yator for conyejring com over top of smut machine ; 
1 smut or com-clearing machine, complete, with aU fittings 
1 elevator for conveying cleaned gram from smut machme 
to top of mill stones, and screw conveyor for conducting 
wheat over stone hoppers 88 

3 Fairs grinding stones, 48 inches diameter, best, with casings, 
feedmg and disengaging gear, with all fittings complete, 
with endless conveyor 332 

1 Flour elevator for conveying meal from bottom of stones to 
1 double dressing machine, with silks, complete ; 1 separa- 
tor for the offals, with rotating sifter, complete . . .110 

1 High-pressure steam-engine, horizontal, 16 H. P., and 1 boiler, 

doubled fined, with all fittings complete . . . .412 

Mill, gearing for stones, upper and lower, wrought-iron shafting, 

wheels, pulleys, columns, &c 124 

Miscellaneous, including fan and exhaust apparatus, driving bands, 
crane for raising runner stones, sacking cylinders with valves, 
&c. ; packing and free delivery on board . . . .110 

£1,176 



DIMENSIONS OF A CORN MILL. 

Machinery as shown on Plan 0. 
Scale: 12 feet = 1 inch. 





Length, 
feet. 


Breadth, 
feet. 


Square 
feet. 


Height, 
feet. 


Cubic 
feet. 


Room with upper story con- \ 
taining stones and other > 
machinery . . . . ) 

Store-room for grain, shown \ 
on plan wiilwui scale . j 

Store-room for fiour, not \ 
shown on plan . . . j 

Engine and boiler house . 


36 

18 

36 
26 


29 

29 

19 
29 


1,044 

622 

684 
726 


26 

26 

11 
13 


27,144 

13,672 

7,624 
9,425 


Total of square feet a 


nd cubi 


c feet 


2,975 




67,666 



A 



f 



h 
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REMARKS ON CORN MILLS. 

Plan shows the arrangement of the com mill 
machinery so adapted as to make it work with as little 
manual labour as possible. The com will be elevated 
by a self-acting mechanism from a reservoir in the 
store-room. Then it will be conveyed automatically 
from one machine to another, groimd into flour, and 
the different qualities of fine and coarse flour separated, 
and the sacks filled up ready to be removed to the 
warehouse. The elevation and sectional plans will 
show distinctly how this is done, and the way in which 
each machine is driven. The store-room for grain is 
not drawn on scale, and the warehouse for flour is not 
shown, but the sizes of both have been given in the 
dimensions of plan. 

The estimate for the com mill provides for three pairs 
of stones, with all necessary machinery for working on 
the modem system, and adapted for grinding rice, 
wheat, and aU other kinds of grain. 

In most English mills the diameter of the mill-stones 
is 4 feet, and their thickness about 12 inches. For 
wheat one stone is composed of French burr, which is 
very hard but porous. As it is diflScult to get the 
stones of the required size it is usual to construct them 
in segments, firmly bound by iron hoops round the 
circumference. 

In the estimate the cost of a dressing machine with 
fine silks for separating the finest flour is included. If 
a dressing machine with iron wire be substituted it will 
cost about £60 less. According to the fineness of flour 
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required, instructions should be given for the precise 
kind of dressing machine. 

The total dost as per estimate for the three grinding 
stones, with other necessary machinery, and including 
packing and free delivery, amounts to little more than 
£1,000. 

The production of flour from the mill for which the 
estimate is given will be 150 bushels of wheat every 
ten hours. It has been stated that in many com mills 
in England, fitted with the most improved machinery, 
each pair of stones grinds even more, of coarse flour. 

During the siege of Sebastopol a steam vessel was 
fitted up "^iih/our pairs of grinding stones, and other 
necessary machinery, for grinding com for the use of 
the English army. From the official reports giving 
results of the working of this floating mill, it appears 
that when in harbour the daily produce of flour of a 
quality fit for the army was 24,000 lbs., which was 
more than had been calculated on ; and the expenses of 
working, including the establishment of the vessel, 
were 3^. Id, per 100 lbs. of wheat ground. During a 
certain period the total quantity of wheat supplied to 
be ground was 1,776,780 lbs., from which the quantity 
of flour was 1,331,792 lbs., with 358,172 lbs. bran. 

Portable grinding mills, for grinding from 6 to 10 
bushels, driven by a portable steam-engine, capable of 
grinding every shade of fineness, complete, with stones, 
are constructed, and may be had from £100 upwards. 




ihta 



STATISTICS. 



246 



EXPORT OF RICE, WHEAT, AND OTHER GRAIN FROM 

INDIA TO GREAT BRITAIN.* 



Year. 


Rice, 


Wheat. 


Other Kinds. 


Quantity, Bice. 




£ 


£ 


£ 


Qrs. 


1866 










1865 


6,673,537 


110,265 


272,606 




1864 


3,976,665 


78,676 


271,136 




1863 


3,378,496 


112,056 


237,358 


2,201,183 


1862 


3,635,075 


147,501 


257,362 


4,676,563 


1861 


2,962,497 


136,069 


263,321 


3,796,137 


1860 


2,276,296 


112,222 


200,044 


2,233,864 


1859 


2,433,146 


116,946 


251,781 


2,004,667 


1858 


3,449,172 


142,761 


198,441 




1857 


2,301,182 


138,499 


147,775 




1866 


2,598,070 


173,883 


124,309 




1855 


1,562,318 




180,212 




1854 


1,261,503 




162,151 


2,474,399 


1863 N 
1852/ 
1861 ( 


Value of lie 
and other gr 


e, wheat, 
ain in one 


/ 889,160 
) 869,002 
i 752,295 


1,158,753 
921,555 
771,672 


1850 ; 


SlllT 


L. 


I 767,917 


818,992 



From Statistical Abstracts prefented to Parliairent, 1867. 



BRICK WORKS. 




INTRODUCTION. 

The art of making bricks is of the highest antiquity. 
Throughout the greater part of the world, according to 
the faciKties of the soil and the necessities of the 
climate, it has been more or less successfully practised. 
In every coimtry, with the ordinary progress and 
requirements of increasing population, commerce, and 
wealth, brick buildings are superseding the temporary 
buildings of wood and mud which yet prevail in several 
regions. 

Although the art of making bricks is very ancient, 
it scarcely received any improvement from the aid of 
machinery imtil within the last few years. Machinery 
is now employed for grinding and crushing the clay, 
and for making bricks. The bricks made by hand are 
generally of very inferior quality, while those made by 
machinery, in appearance and strength, and adaptability 
to architectural purposes, are far superior. By the use 
of machinery the great inconveniences attendant on 
moulding the bricks by hand, and the delay in drying 
the hand-moulded bricks, caused by the presence of 
excess of water in the clay, are also obviated to a great 
extent. When the process is carried on with good 
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machinery in a factory, the whole goes on in har- 
monious order, with ease and regularity ; and the 
rapidity and amount of production in a given time by 
machinery are also great when compared with the 
hand process. The bricks are more compact, more 
perfect in form, and the edges more sharply defined, 
and so smooth and sightly in appearance that for 
facing the outside of houses no plaster is at all required. 
Ventilating bricks and hollow bricks are now exten- 
sively made in England, which take less material and 
are lighter, as well as bricks adapted for partition 
walls, for arches, doors, chimneys, &c.' 

The machinery for making bricks is divided into two 
classes; the one operates on the clay in a moist and 
plastic state, while the other requires it to be dried and 
ground previous to being moulded. In the former 
class the plastic clay is formed into a continuous length 
in the machine, and is then divided into bricks by 
means of wires moved across by manual labour. This 
process requires the clay to be soft. The bricks thus 
made are only a little harder than those made by hand, 
and require to be dried before being placed in the kiln. 
In the second class, the dry process, the bricks are 
compressed in a dry state in the mould; but the 
process of drying the clay and reducing it to a uniform 
powder requires more motive power to drive the 
machinery. 

It has been stated on very good authority that the first 
requisite for the proper working of wire-cutting machines 
by the wet process is, that the clay should be a strong 
plastic kind, or it will not pass through the orifice or die 
of the machine with a surface sufficiently smooth for the 
face of the brick. With day of this degree of plas- 



248 BRICK WORKS. 

ticity, the drying and burning processes, so important 
to the manufacture of sound bricks, are apt to be 
irregular, and to cause a large proportion of unsound 
and inferior make to result. In order that the bricks 
may be dried and burnt in the kiln in a regular and 
sound manner, it is found necessary to reduce the te- 
nacity of the clay by the mixture of sand, &c., in certain 
proportions, so that the bricks may not crack during 
the operations of drying and burning. But if the sand 
be not finely divided and well mixed in the mass it is 
apt to impede the cut of the wires, and to leave rough 
uneven ends. For these and other reasons the dry 
process of manufacturing bricks is more generally 
adopted. 

As regards burning the bricks after being made by 
either class of machinery, Professor Thomson, in a 
paper read before the Chemico- Agricultural Society, 
pointed out the great loss of heat which occurs in the 
ordinary modes of burning in the common kilns ; the 
air which has passed through the fuel or among the 
heated bricks, and the smoke, pass away from the kiln 
to waste at a very high temperature — even at a red 
heat — during a considerable part of the process. When 
the bricks are raised to the high temperature required 
to burn them, and render them permanently hard, the 
great store of heat which they contain is entirely 
thrown to waste while they cool. He stated that he 
has noticed with much interest the very admirable 
principles of a new kind of kiln with perpetually 
revolving fire, invented and patented by F. HojSmann, 
of Berlin, both for brick-burning and lime-burning. 
In this new kiln economy of fuel is effected in a two- 
fold way ; in fact, by saving the twofold loss of heat ; 
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for, first, it saves the heat of the gaseous products of 
combustion and unconsumed air passing through and 
away from the burning bricks, by applying this heat 
effectively in drying the new fresh bricks about to be 
burnt, and raising them up to an incandescent tempera- 
ture, so that only a very slight addition of heat directly 
from ignited fuel is required to complete their burning; 
and, secondly, it saves the heat of the cooling bricks, after 
their having been sufficiently fired, by applying it all 
in warming the air which goes forward to supply the 
fires ; so that the fuel is burnt with air already at an 
incandescent temperature, instead of requiring, as 
usual, to heat the air for its own combustion. 



1 


I i 







MANUFACTURE OF BRICKS. 




WET PROCESS. 



The machine combines the three processes of crush- 
™&. pigging! and brick-making. The clay is dug and 
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spread over a large surface of ground, and tempered 
with water by manual labour into a mass of soft clay, 
by turning it over several times, and is then thrown 
into a hopper, below which work a pair of crushing 
rollers. There is an instrument with a number of 
knives, or blades, to cram in the clay. The crushed 
clay falls directly from the revolving rollers into a pug- 
miU, the object of which is to incorporate the various 
component parts of clay, and to make it of one uniform 
character. The pugged clay is then forced out through 
an aperture into a horizontal clay-box, or chamber, 
where, as in the steam-engine by tne action of a piston, 
the clay issues in a stream on the delivery-table, where 
it is cut into the desired thickness of bricks. 

DRY PROCESS. 

The dry brick-making machine works on the prin- 
ciple of forming the clay into moulds, instead of forcing 
it through orifices or dies. The clay, as dug up, is 
delivered to the machine ; or, if the material consists of 
marl or fire-clay, or stony earth, it is crushed through 
rollers, and delivered to the machine, which works it 
into a dense mass with great solidity, and fills the 
moulds of the form and size of brick required ; these 
are arranged on a circular revolving table. Two moulds 
receive their charge of clay at a time ; and while this 
operation is going on, two other moulds that had been 
previously filled are subjected to considerable pressure, 
by pistons working on the opposite side. The finished 
bricks as discharged from the moulds are delivered on 
to a revolving endless creeper' band for removal to the 
kiln. 

Hoffmann's kiln for brick and lime-burning. 

The kiln is about 160 feet in diameter for a delivery 
of 25,000 bricks per day. 

The kiln is built in the form of a large arched pas- 
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sage, like a railway tunnel, bending round In going 
forward on the ground till it closes witli itself to fonn 
a great circular ring-chamber, within which the burn- 
ing of the bricks is carried on. Round its circumfer- 
ence there are twenty-four entrance door- ways, admitting 
of being closed, so as to retain the heat and exclude all 
entrance of air by the door-ways so built up. The 
great chamber may consist of twenty-four compart- 
ments or spaces, with one of these door- ways to each. 
In the centre of the ring a high chinmey is erected, 
and from each of the twenty-four compartments of the 
annular chamber an underground flue leads into the 
chimney. There are, then, twenty-four of these flues 
converging towards the centre like the spokes of a 
wheel ; and each flue has a valve, by which its commu- 
nication with the chimney can be cut off. Arrange- 
ments are made by which a partition like a damper can 
be let down at pleasure, so as to cut off all communica- 
tion between any of the twenty-four compartments of 
the ring-kiln and the next one. After being once 
kindled, the fire is never extinguished, but the burning 
of new bricks and the removal of the finished produce 
is carried on by a continuous and regular process from 
day to day. From one of the two open compartments 
men take out the finished and cooled bricks, and in the 
other one they build up newly-formed unbumt bricks. 
The air entering by these two compartments passes first 
among bricks almost cold, takes up their heat, then 
goes forward to warmer bricks, then to hotter and 
hotter, always carrying the heat of the cooling bricks 
forward with it till it reaches the part of the ring 
diametrically opposite to the two open and cold 
compartments. At this place it gets a final accession 
of heat from the burning of a very small quantity of 
of coal, which is dropped in among the bricks from time 
to time by numerous small openings furnished with air- 
tight movable lids. 
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ESTIMATES FOR A BRICK AND TILE WORK. 

1. Machinery for Wet FrocesSy as shoum on Plan P. 

£ 

Double clay hoist, self-acting, rails, complete, with 6 trucks 

with wrought axles, wheels, &c 228 

2 Improved brick-makmg machines, combining the three pro- 
cesses of crushing, pugging, and brick-making, each capable 
of producing 12,000 bricks per day, including dies and extras, 
applicable sJso for making tiles, drain pipes, &c. . . . 525 

Steam-engine, horizontal, high-pressure, 20 H. P., complete, with 
boiler, hot- water heating apparatus, shafting, gearing, driving 
belts, and all iron work for Hofi&nan's kiln, complete . . 760 



£1,513 

2. Machinery for Dry Process, as shoum on Plan P. 

£ 
Clay hauling apparatus, self-acting, with chain and rails, wag- 
gons, complete 130 

Clay grinding mill, with fan, edge rollers, fitted complete . . 258 
Elevators, self-acting, to carry clay from the grinding tyiiII over 

brick machine, complete 45 

Brick-making machine fitted up complete, with revolving table, 

moulds, &c., for making 14,000 bricks per day . . . 570 
Brick press, to be fixed in front of brick machine, complete, with 

• duplicate die, with creeper for carrying away the bricks, &c. 50 
Steam-engine, 25 H. P., complete, with boiler, shafting, gearing, 
columns, water cistern, pump, drums, straps, and iron work 
for kihi, &c 750 



£1,803 

3. Fortable Brick-Making Machines. 

£ 

Crushing, pugging, and brick-making machine, with dies and 
wire cutting, producing about 100,000 bricks per week, by 
wet process, complete, with steam-engine, boiler, &c. . . 650 

Second-size machine, similar to the above, for producing about 

75,000 bricks per week, with engine, boiler, &c., complete . 380 

Third- size machine, without crusher, for clay free from stones, 
producing 9,000 bricks per day, arranged for working by 
animal power 156 
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Machine for tiles and pipes, also for solid or hollow bricks, 

worked by animal power . 65 

Tile pressing machines, from £25 to \ 135 

Mortar and loam mills, from £40 to f 

Machine with pug mill, revolving table, moulds, steam-engine, 
boilers, with aU fittings complete, capable of making 10,000 
bricks per day by dry process ...... 675 

Clay crushing rollers, 20 to 25 in. diam., complete, from £25 to . 130 
Combined rollers with pug mill, from £100 to . . . .175 



DIMENSIONS OF BRICK AND TILE WORKS. 

Machinery as shown on Plans P. 
Scale : 16 feet = 1 inch. 





Length, 
feet. 


Breadth, 
feet. 


Square 
feet. 


Height, 
feet. 


Cubic 
feet 


Wet process machinery for ^ 
making bricks . . . j 

Dry process machinery for \ 
making bricks . . . j 
Boiler house 


46 


38 


1,748 


15 


26,220 


70 
27 


27 
9 


1,890 
243 


20 
8 


37,800 
1,944 


Total of square anc 


I cubic 


feet 


2,133 




39,744 ' 
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REMAEKS ON BRICK AND TILE WORKS. 

Brick-making machinery should be adapted to the 
character of the clay. Some clays require for a good 
brick-making machine little or no preparation, while 
other clays require expensive machinery. Choice of 
site and selection of clay are therefore important pre- 
liminaries before ordering brick-making machinery, as 
the perfection and economy of the operations on the 
factory system will mainly depend on the quality of 
clay, and the general arrangements adopted in con- 
formity therewith. Want of attention to this im- 
portant point has been the chief cause of failure in the 
case of the Bombay Brick Works. 

It is necessary that about half a ton of clay should 
be tested either in India or in England, to determine 
which class of brick- making machinery will answer the 
purpose, as, if in ignorance of the kind of clay to be 
worked, no sound opinion could be g^ven. 

Bricks being a very heavy article, the cost of carriage 
is also an important consideration, otherwise it will 
absorb all the profits. Brick machinery should be 
erected as near as possible to a town to save the distance 
of cartage. 

From the estimates it will be seen that the machinery 
for making bricks by the dry process will cost more 
than by the wet process. But the great drawback to 
the latter is that the bricks are required to be cut by 
Tn ftTiiifl.1 labour, and dried, and cannot be removed direct 
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to the kiln as is done in the dry process. It is believed 
that the dry process of making bricks will be applica- 
ble in more cases, and though it requires more motive 
power to drive, it has certain advantages over the wet 
process. The latter, however, will answer very well 
if the clay is suitable for working by the machinery. 

When ordering brick machinery, it is necessary to 
give the length, width, and thickness of the bricks 
required to be made. Bricks shrink in drying and 
burning about one-eighth of an inch per inch, for which 
allowance should be made. 

Bricks of any size or form, and also roofing and 
paving tiles, are made by the same brick-making 
machine, by adopting suitable dies, moulds, and ac- 
cessories. 

. Ornamental bricks are also made of a variety of 
colours, by mixing different substances with clay, 
which, by a judicious combination in the arches and 
other parts of a building, produce a very pleasing 
effect. 

Estimates and plans have been given for both pro- 
cesses, making bricks either by the dry or wet process, 
and for permanent works for producing millions of 
bricks on the factory system. These include a self- 
acting hoist for discharge of clay, and other improve- 
ments. Brick-making machines are made of all sizes, 
adapted for temporarj'^ works and limited production, 
of which a price list has been also given. The total 
cost of the brick and tile works, as per estimates and 
plans, including buildings, kiln, &c., may be calculated 
at from £3,500 to £5,000. The cost of manufacturing 
bricks, English size, 9 X 4^ X 2|, when burnt, may 
be reckoned at about £1 10s. per 1,000 finished bricks; 
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this will of course vary more or less according to the 
price of coals, &c. 

In manufacturing bricks the construction of the TtiIti 
for burning the bricks is a matter of very great im- 
portance. A description of the most recent improved kiln 
is given, and though it is much more costly in construc- 
tion than the ordinary kilns, it has been stated to effect 
great saving in fuel. The bricks burnt by this im- 
proved process are sounder and of better quality than 
from ordinary kilns. 
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STEAM MOTTVE POWER. 



INTEODUCnON, 



No one can doubt ttie great superiority of Bteam sa a 
motive power for driving machinery, compared witli 
■ animal or even water power, 

g The operation of the steam- 

§ engine is continuous, regular, 

and constant, and can be ad- 
justed to tho greatest nicety ; 
whereas animal or water power 
is very fluctuating and irregu- 
lar, and that unavoidably so. 
There are few places in Tndift 
where the supply of water is 
abundant and constant through- 
^— =ij 1^ out the whole year, and can be 

I relied on as a means for driving 

machinery ; hence, as a general 
I rule, the use of the steam-engine 

is preferable, as a means of 

^T^^=f manufacturing with economy 

Ja t, -I. and certainty. The application 
;TTrT-i""T -iL — -M -- ^zi]^:-.— A of steam to all branches of in- 
dustry is almost universal, and its importance and ines- 
timable value are recognised throughout the civilised 
world. If only water power was to be made use of in 
India and other parts of Asia for driving machinery, the 
material prosperity to be derived from manufacf;ares 
would be limited. 

It was by the genius of James Watt that the power 
of the steam-engine was first applied in manufactures, 
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in the year 1769 ; and since then it has been improved 
from time to time by eminent men in all parts of 
Europe, and by numerous modifications applied to all 
purposes of manufacture, driving machinery, impelling 
ships and railway trains, grinding com, printing books, 
hammering, planing, and turning iron, and performing 
any description of mechanical labour where power is 
required. 

As an economiser of labour and time the steam- 
engine half contributed more to human progress and 
comfort than any other mechanical invention ; and as 
a motive power in the industrial arts it takes the pre- 
cedence of all other powers. 

A steam-engine consists essentially of a vessel, made 
cylindrical for giving the greatest strength, and fitted 
with a movable piston. The 
cylinder is placed either vertical 
or horizontal. All the other 
parts of the steam-engine are for 
the purpose of regulating the ad- 
mission of steam, and for produc- 
ing a rotary motion at the point 
where the power is required to be 
applied for working machinery. 

In connection with the steam- 
engine, the nature and proper- 
ties of water are of great im- 
portance. Water is solid when 
the thermometer stands at 32° 
F., fluid at ordinary tempera- 
tures, and vapour or steam when 
the temperature is raised to 
212°. But if this high temperature be not kept up the 
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vapour Is converted into water again. This property 
of reconverting from the form of vapour to that of 
water is invaluable in the steam-engine, by condensing 
the steam to its original bulk of water, and withdrawing 
that water and forming a vacuum. Another property of 
steam is expansibility or increase in bulk, the weight re- 
maining the same. A cubic inch of water will give steam 
that will occupy 1,728 cubic inches, or one cubic foot of 
space. Steam also possesses the property of elasticity, 
as it has a tendency to free itself from the space in 
which it is confined. When the natural bulk of steam 
is compressed into half the space, the pressure is doubled, 
and so on. By cutting off the entrance of steam in any 
vessel or cylinder in which a piston moves, equal to 
half the stroke or length of the cylinder, the piston 
having received a momentum is propelled through by 
the expansive force of steam, and a quantity of steam 
and fuel is saved in proportion. 

The elastic force of steam is regulated by the tem- 
perature under which it is raised, and increases in a 
much faster ratio than the temperature at which steam 
is generated. Thus at 212° steam exerts 15 pounds 
pressure to the square inch ; if the temperature is in- 
creased to 250°, the elastic force is double, or 30 pounds 
pressure to the inch ; and when the temperature is 
400°, the force is 240 pounds to the square inch. The 
advantage, therefore, of using high-pressure steam is 
apparent. A small accession of heat at a high tem- 
perature produces an increase of elastic force, and the 
saving of fuel is in proportion to the increase of pres- 
sure. There is an invariable correspondence between 
the force of steam and the temperature at which it is 
raised. 
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To raise steam to a certain elasticity a certain quan- 
tity of fuel is required. If that steam be allowed, after 
having moved the piston of the steam-engine, to escape 
without having acted expansively, a portion of the fuel 
which was consumed to raise the steam up to that point 
of elasticity will be lost. The result of working steam 
expansively/ in the steam-engine is that power is made 
available by using the steam up to its last impelling 
force, and not allowing it to escape until the whole of 
that available force has been expended. If the steam 
from the boiler be cut off early when entering the 
cylinder, and expanded to its full available limits, then 
the highest pressure will have been used on the piston 
down to the lowest point. If steam be allowed to 
escape from the cylinder before its full force is expended 
to the lowest available pressure, the loss will be in 
proportion to the amount of the pressure not made 
available. 

In the condensing steam-engine, when the steam is 
no longer required for working the piston in the cylin- 
der, it is conducted by a pipe to another vessel, called 
the condenser, and, by the application of jets of cold 
water, is condensed into water. The water formed by 
the condensed steam is removed from the condenser by 
a pimip ; a vacuum is thus produced, which assists the 
escape of steam from the cylinder. The engines con- 
structed for working the steam on this principle are 
called condensing engines. 

In non-condensing engines, the steam, when no longer 
required for working the piston, is allowed by a pipe to 
escape into the open air, and has to force itself against 
the pressure of the atmosphere. But there is no resist- 
ance when the steam is conducted into a condenser. 
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This is the essential difference between condensing and 
non-condensing engines. 

The form of the steam-engine is either vertical, beam, 
or horizontal. The beam engine is heavy and costly, 
requires costly foundation, and occupies also a great 
deal of room. In the International Exhibition of 1862 
two steam-engines were shown of 30 horse-power, by 
the same maker, both having the same power; the 
weight in the beam engine was 16 tons more than in 
the other. The horizontal form of steam-engine is now 
superseding the beam engine, on accoimt of the simpli- 
city of its construction and working, the less liability 
to break-downs, and the saving in first cost. A beam 
engine, say of only 12 horse-power, if it costs £320, the 
horizontal engine of the same power would cost £280. 
The advantages claimed for the beam engine are that 
the cylinder and piston wear better ; but it has been 
advanced that the cyKnder made of a good metal is a 
long time in wearing, whatever may be its position ; 
that the advantages claimed are merely supposed, and 
that the points of objection against the horizontal are not 
real. Moreover the form of the beam engine prevents 
the adoption of that speed of piston at which, all 
things taken into account, steam-engines work most 
economically. 

The term horse-power was introduced by James Watt, 
to enable him to determine what size of steam-engines 
should be sent to his customers. He required them to 
tell him how many horses they were accustomed to 
employ to do the required work. It was found by ex- 
periment that the average force exerted by the strongest 
horses was equal to 33,000 lbs. raised one foot high in 
one minute, and this was taken as equivalent to one 
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horse^power. Since the time of Watt, however, the 
capacity of the cylinder of the steam-engine answerable 
to a horse-power has been increased, so that at the pre- 
sent time a horse-power is a term for expressing a 
certain size of cylinder without reference to the power 
actually exerted by the steam-engine. 
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Condensing Engines are also called low-pressure en- 
gines. The steam in this class of engines, after 
having worked one way in the piston, is condensed by 
injection of cold water thrown by a feed-pump into the 
condenser. The water of condensation is drawn off by an 
air-pimip ; a vacuum is formed, the extent of which is 
seen at once by the rising or falling of mercury in a 
glass-tube fixed in the engine-house. Thus steam in a 
condensing engine is made to answer a double purpose, 
and the property of steam of reconverting into water is 
practically made use of. The cooler the water for con- 
densing steam, the better is the result in working the 
engine ; for which reason large reservoirs are re- 
quired. 

Compound Engines are high and low pressure com- 
bined. The principal feature in these engines is that 
the steam, after having been more or less expanded in 
a small cylinder, is further worked in a large cylinder ; 
the expansion of steam is carried further for the purpose 
of ensuring economy of fuel ; then the steam is con- 
densed by jets of cold water, and the water withdrawn 
from the condenser by a pump as in the condensing 
engine. The condenser of a steam-engine for working 
in a hot climate is made of a larger size. 

A High-pressure Engine is more compact than a con- 
densing or compound engine, as no air-pump, condenser, 
&c., are required, and therefore it is also cheaper. The 
steam in the high-pressure engine is admitted from the 
boiler into the cylinder, as usual in the steam chest, 
where a valve works steam-tight. After working in 
the cylinder of a high-pressure engine, steam is not 
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condensed as in the condensing engine, and no Tacuum 
is produced ; but it escapes into tne air. One side of 
the piston of a high-pressure engine ia open to the 
atmosphere, the resistance of which it has thus to meet. 




and the corresponding effect is produced on the piston ; 
this is not the case in a condensing or compound 
engine. 

The Comisk or Cylindrical Boiler is the prevailing 
type of stationary boilers in England, and is now work- 




ing in many mills and other establishments in India. 
It consists of a cylindrical shell with one or two flues 
passing through it from end to end, of which the near 
ends are fitted up as furnaces. Some of these boilers 
are constructed with a number of stays, uniting the top 
and bottom, ao that a free circulation of water is main- 
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tamed, and a free delivery of steam effected, while a 
considerable addition to the heating surface is ensured. 




This type of boiler is now generally adopted for its 
general ability to fulfil the various requirements in 
practice. 

The Fuel Economisery adopted for utilising the waste 
heat from boilers, consists of a series of pipes, placed in 
the main flue behind the boilers, through which the 
smoke passes on its way to the chimney. The patent 
consists in the use of self-acting scrapers that work on 
centres on the pipes, furnished with a steeled thin 
cutting edge, by which the soot deposited on the pipes 
by the smoke is effectually removed by the creeping 
continuous motion given to the scrapers, without any 
attention on the part of the fireman. The boilers can 
be worked whenever desired, independently of the 
economiser, by a reserve flue and damper. 

The Indicator is a piece of mechanism by means of 
which, at any time when the engine is in motion, the 
working condition of the engine, the force of steam, and 
the quantity of coal consumed per hour, are known. A 
diagram is traced on a paper by the revolving cylinder 
by a pencil, and by means of a scale the distance on the 
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diagram ie measured, and from that the exact pressure 
of steam per square inch upon the piston of the engine. 
As a satisfactory method of knowing the working capa- 
bilities of a steam-engine, this little instrument is now 




in all well-conducted factories in every-day use ; seeing 
that whenever any part of the engine gets out of order 
and is working defectively, the fact is known at once. 

The Injector is now extensively employed as a substi- 
tute for the ordinary feed-pumps, where a boiler is used 
and steam produced. It is entirely independent of the 
engine, and is put in operation at once by simply 
opening connections with the boiler. As it acts when 
the engine is at rest, it supersedes the donkey-engine, 
and is very useful for filling the boiler with water when 
the engine is not working. 
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PRICES OF HORIZONTAL HIGH-PRESSURE STEAM- 
ENGINES AND BOILERS, WITH ALL IMPROVEMENTS. 



Horse 
Power. 


Diameter 


Length 
Stroke. 


Number 


Length and Diam. 


Weight of 




of 
Cylinder. 

Inches. 


of 
Boilers. 


of 
Cornish Boilers. 


Engines, 
Boiler, &c. 


Price 




Inches. 




Length. 


Diam. 


Tons. Cwt. 


4 


7 


14 




8 


3^ 


4 15 


96 


6 


9 


18 




10 


4 


5 5 


144^ 


8 


10 


20 




14 


4 


6 15 


192' 


10 


11 


22 




13 


5 


7 16 


240 i 


12 


12 


24 




15 


5 


9 5 


288! 


14 


13 


24 




16^ 


5 


10 10 


336 


16 


14 


24 




18 


5 


11 10 


384 


18 


15 


30 


1* 


18 


5i 


12 10 


432 


20 


16 


30 




20 


5k 


13 10 


480 


22 


16f 


30 




20 


eh 


14 15 


520 


24 


m 


36 




2U 


H 


16 10 


576 


26 


18 


36 




22 


7 


18 5 


624 


28 


18i 


36 




23^ 


7 


20 


672 


30 


19i 


36 




25 


7 


22 


720 


35 


20 


38 


2 


22 


H 


25 10 


840 


40 


24 


40 


2 


25 


5k 


27 15 


980 


45 


26 


48 


2 


24 


6 


34 


1075 


50 


28 


56 


2 


28 


6 


39 


1120 



* Listead of one, two boilers of smaller diameter will be preferable. 



Prices of Condensing Engines may he calculated about £6 additional 

per horse-power. 
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PRICES OF PATENT FUEL ECONOMISER. 



Boiler. 


Pipes 
required. 


Weight. 


Price. 


With 
casing.* 


Length. 


Diam. 




cwt. 


£ 


£ 


13 


4 


16 


40 


60 


72 


14 


5 


18 


45 


75 


90 


15 


5 


24 


60 


90 


108 


18 


5 


32 


80 


120 


144 


18 


5i 


32 


80 


120 


144 


20 


51 


40 


90 


151 


180 


20 


^ 


40 


90 


151 


180 


21J 


H 


40 


90 


151 


180 


22 


7 


48 


120 


181 


217 


25 


7 


48 


120 


181 


217 



* A brick wall round the economiser answers all the purpose of iron casing, but the 
advantage of the latter is that it can be removed and lefixed whenever wanted fw 
repairs, &c. 



PRICES OF PORTABLE STEAIVI-ENGINES MOUNTED ON 
BOILERS ON WHEELS, COMPLETE FOR WORKING. 



Power of 
Engines. 



4 Horse. 

6 „ 

8 „ 
10 „ 

12 „ 



Cyl inder. 


Price. 




£ 


Single. 


140 


fy 


175 


>9 


210 


Double. 


270 


» 


300 



Power of 

Engines. 



14 Horse. 

16 

18 

20 






Cylinder. 



Double. 






Price. 



£ 

390 

415 

465 

505 
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REMARKS ON STEAM-ENGINES, ETC. 

The primary object of steam-engines and boilers in- 
tended for working in India and the East, is that they 
should be designed and constructed specially for economy 
of fuel ; as fuel, generally speaking, is more costly than 
in England. The cost of the engines themselves, 
therefore, ought to be a secondary consideration. The 
price list of engines is for the best, with all the recent 
improvements. The class of steam-engines suitable for 
India and other places in the East is no doubt the con- 
densing engine, or the compound engine, or high and 
low pressure combined, provided the supply of water 
for condensing steam is quite ample throughout the 
year ; otherwise, for want of sufficient water, great 
difficulty will be experienced in working these engines, 
and even at times entire stoppage of the works will be 
the consequence. As some provision against any un- 
foreseen shortness in the supply of water, it would be 
well to have an arrangement in the condensing engine 
to throw the exhaust steam into the atmosphere, and 
shut the passage into the condenser. In some situations 
the condensed water from the condensing engine may 
be usefully employed for driving smaller machinery. 
The consumption of fuel in a condensing engine will 
be about 15 per cent, lower than in a high-pressure 
engine. Non-condensing or high-pressure engines are 
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cheaper than condensing or compound engines, as 
there is no condenser or air-pump attached. Where 
the supply of water is not abundant these engines will 
suit well, and will work without trouble ; but the con- 
sumption of fuel will be more than in condensing or 
compound engines. The principle of working steam 
expansively has been applied to both classes of engines. 
Various forms of valves are used in the construction of 
steam-engines for working the steam economically, and 
recently Corliss's valve gear has been applied, in some 
of the largest textile factories in England, with the 
advantage of saving more than ten per cent, of fuel. 
Not half the number of engines sent to India for the 
cotton mills, even by the best makers, had the cylin- 
ders clothed for economy of steam ; but on account of 
more competition, the makers have commenced to 
design engines to ensure economy of fuel, about which 
they were at first indifferent. Some of them have 
made it a rule to clothe the cylinders of each steam- 
engine made by them with hair felt, mahogany, and 
iron casings, and a steam jacket to maintain a suitable 
temperature in working steam expansively. The con- 
denser is also made of a larger size than usual, for 
working better in a hot climate. 

The class of engines employed in almost all the mills 
in Bombay is the horizontal compound engine, high and 
low pressure combined. An example may be cited here 
of the most approved form. If the diameter of the 
high-pressure horizontal cylinder be 18^ inches, that 
of low-pressure or condensing cylinder will be 30 inches, 
both with 5 feet stroke; the vertical air-pump will 
be 22 inches diameter, 2 feet stroke, condenser 26 
inches diameter and 50 inches high, and cylinders 
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fitted with valves and apparatus for catting off at 
different portions of the stroke ; with plates for bottom 
of engine, foundations, and for carrying air-pump and 
condenser. 

The class of boilers that will answer well in India, 
China, and other places, is the boiler with patent taper 
stays, as it generates more steam with less fuel than 
any other boiler in ordinary use. The generating 
power of this boiler has been stated to be that one 
pound of ordinary coal will evaporate 9;^ to 9^ lbs or 




nearly one gallon of water per hour ; while a common 
two-flued boiler without patent stays evaporates 8i lbs ; 
and in a double boUer, mounted one over the other, sent 
to Bombay, it was only 6^ lbs with Welsh coal. Boilers 
should be above the ground level, otherwise it has 
been found from practical experience that in the mon- 
soon, when the ground is very damp, there is great 
loss of time and fuel in getting and keeping up steam. 
In 1866 a boiler was patented in England and worked 
in the Paris Exhibition, composed of wrougbt-iron 
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tubes. The advantages claimed for this boiler are, that 
there is great economy in getting up steam ; the cir- 
culation of the water is well kept up within every part, 
as each tube has within it an internal one rising up to 
the water space ; no joint or bolt is exposed to the 
action of the fire ; the tubes can be examined and 
replaced in a quarter of an hour ; it can be packed up 
in a small compass for exportation ; and the bursting 
pressure of each tube being 2,000 pounds per square 
inch, there is no risk of explosion. 

The Fiiel Economisery for which i\iQ price list is given, 
is one of the important practical inventions for saving 
fuel, by using up a considerable amount of surplus heat, 
which otherwise would escape up the chimney. The 
economiser is very simple in construction, is not very 
expensive, and works satisfactorily. Even in England, 
where coal is cheap, it has been applied in many factories, 
and the proprietors have testified in writing, after 
working it for some years, that it eflFects a saving of 
fuel from ten to fifteen per cent. It is now working 
in the Bombay cotton mills recently erected. It is 
made of all sizes, and is applicable to boilers of any 
description. 

For consuming smoke from chimneys, which is a 
source of nuisance, numerous patents have been taken 
out. One of the expedients adopted in Lancashire is 
this : A supply of air for consuming the smoke is in- 
troduced at the front of the furnace, and adjusted to 
the wants of the furnace by jets of steam. The steam 
nozzles with the air tubes possess the power of urging 
and creating a draught, with such precision as to sweep 
the whole surface of the fuel. But even with all im- 
proved appliances, an attentive stoker is absolutely 
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power, so improved that the makers guarantee that the 
consumption of fuel will not exceed respectively 2, 3, 
4, 5 and 6 cwt. of coal per day. 

The nominal horse-power of a steam-engine does 
not express the actual power. Steam-engines are 
worked and proportioned to exert three times, and 
even more than three times, the nominal power. Hence 
the proportion between the actual power exerted and 
the nominal horse-power is varying, the dimensions 
of the engine expressed in nominal horse-power not 
exactly expressing the power that will be exerted. 

By burning four poimds of fuel, more or less, ac- 
cording to the construction of the engine, boilers, and 
management, a mechanical eflFect of 1 horse-power is 
obtained, and the standard of 1 horse-power applied to 
the steam-engine is 33,000 poimds raised one foot high. 
This standard was fixed in a court of law in England, 
in which the question arose as to what constituted a 
nominal horse-power in a steam-engine. 

It has been shown, from actual practice, that the 
indicator is as useful to a person in charge of a steam- 
engine as a compass is to a navigator. By testing the 
engines with the indicator, the defects are at once laid 
bare, the valves are properly set, and a great saving of 
fuel is the result, besides additional power obtained. 
This has been demonstrated and proved in several 
cases. In one mill, after the engines were indicated 
and the valves properly set in, and the steam cut off 
at the proper length of stroke, the consumption of coal 
was reduced by nearly half. In another mill the con- 
sumption of coal was 7^ lbs. per hour per horse-power. 
The engines were indicated, but after the proper setting 
of the valves, increasing the pressure of steam, and casing 
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DIMENSIONS OF A SAW HILL. 

Maekmay as sAmcn on Plan N. 

Scale, 25 feet = 1 incli. 





feet. 
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Door and window-mak- 


65 


50 


3,250 


12 


39,000 
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2 Boiler hoiues . . . 


74 
65 
74 
18 


50 
50 
50 
15 
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3,700 
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12 
12 
12 
10 


44,400 
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44,400 
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18 


15 


270 


10 


2,700 


ind cubic feet 


14,440 


172,200 


Open yard for si 


xmng timber, 160 by 40 
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STEAM-ENGINES AT THE PARTS EXHIBITION 

OF 1867. 

(From the Engineering Journal, May, 1867.) 

There is an American steam-engine which arrests the attention of 
every competent engineer who walks round the circle of that depart- 
ment. It embodies all the characteristics of American engineering ; it 
is light in structure, elegant in design, refined in artifice, charming in 
its simplicity, and yet there is nowhere any sacrifice of perfection or 
usefulness for a fictitious semblance of simplicity. Where anything is 
to be done, it is done straightforwardly and to the purpose ; there is no 
pretence of doing two things at once, while seeming to do one. The 
engine is called the Corliss engine ; it is not a novelty in America, and is 
not imknown to well-informed English engineers. Nevertheless, we 
may safely say it is a practical novelty, and the manner in which it is 
designed and executed is admirable. Its special peculiarities are its 
valves, and the mode of working them, and its general disposition and 
^ructure. It is made like all American engines, with saving of fuel as 
the great consideration. Because we have cheap fuel, we have too 
often to pay the penalty of bad engineering. Tlie Americans make 
fuel out of brains, and a Yankee engine doing the same work as one of 
ours on half the fuel at once deprives us as a nation of any manufactur- 
ing advantage from our cheap and abundant fuel. The Corliss engine 
spares every ounce of coal ; it is always on the watch to do so, and so 
lively is it that the moment the engine goes its speed, and can spare a 
littie steam or coal, the watchful mechanical governor of the engine 
takes to sparing the steam and hoarding the fuel. Just as a good loco- 
motive driver is always watching for the opportunity of putting the 
expansion gear on a new notch to increase his cut-off, so is the 
mechanical government of the Corliss engine carried on by mechanism 
which successfully represents the care and skill of an accomplished 
driver. The engine heis four ports at what we may call the four 
comers of the cylinder. They are worked by four independent valves. 
The object of this is to spare all passages and all waste in them. The 
engine has detached the escape-valves from the steam-valves, so that 
both may have independent motions ; but to the steam- valves is added 
what we may call a detaching movement, and this "detent" movement 
is one of the characteristics of the engine. It is indeed very peculiar, 
original, and American ; it is the means by which the mechanical 
governor, ever on the watch, renders the engine " autonomic." It acts 
thus : the valve-rod of each steam-port is held, as it were, between the 
finger and thumb of what one may call the right arm and the left arm 
of the governor. These two arms are moved regularly back emd for- 
ward by an unvarying motion ; but the finger and thumb of each hand 
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necessary, as mucli depends on the way the boiler ' is 
fed with coals, there being a right and a wrong way 
in this as in other matters. If care be not taken to 




give the fuel enough air, it will smoke. The preven- 
tion of smoke depends upon perfect combustion, and 




this leads to economy in fuel. A self-acting feeding 
furnace to work with economy has not yet been con- 
trived. Portable engines, and engines with their boilers 
on wheels, are now extensively used in England where 
formerly horse-power was employed, and are of special 
utility for supplying steam power for agricultural open- 
tions, and temporary works. Directly on the top of the 
boiler a high-pressure steam-engine with a single or 
double cylinder is' fixed. Portable double expanme 
engines are now made, of 6, 8, 10, 12, or 14 horse- 
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character of the slides is very peculiar, and the mode in which they are 
moved, although not Corliss's finger and thumb motion, are meant to 
obtain from the gentle movement of the ordinary eccentric an action of 
the valves equivalent to that of CorHss's by a gentle and slow, instead 
of a sudden and quick, movement. The diagrams of the eng^e show 
that the valves perfectly succeed in producing in the cylinder a high 
and economical development of steam power. So far, however, we 
can say little, except that they have constructed a Corliss engine, or its 
equivaJent, in another manner. 

Having overtaken Mr. Corliss in the application of the steam in his 
cylinder, the constructors of this engine now make a great stiide to go 
beyond him. They say, " Our valves are not only as good as Corliss's, 
but they are, withal^ so smooth and gentle in their action, that they 
are capable of worlong much more rapidly.'* They, have, therefore 
determined to use this smoothness of action for the development of a 
far higher amount of power out of an engine of given size than had 
heretofore been accomplished. Corliss's engine, like other fixed steam- 
engines, performs admirably with a piston travelling, say, 200 feet a 
minute, or about the usual traditional speed of the steajn-engine. The 
Allen-Porter- Whitworth engine leaves this behind with a long stride ; 
its piston starts away at the unusual speed of 800 feet per minute, and, 
in doing so, quadruples the work done by an engine of given size and 
power. This is certainly an unparalleled feat in the gymnastics of the 
steam-engine, and, if successfully accomplished, seems to promise an 
important revolution in machinery. 

It is not to be overlooked that we are speaking of a condensing- 
engine, and, what is more surprising still, an engine whose air-pump 
works with the same speed as its steam-piston. The eye scarcely can 
see the plunger of the air-pump clearly, from, the rapidity with which 
it travels in and out of the condenser. The plunger looks more like 
the elongated shot of a Whitworth cannon than the piston of an air- 
pump ; in shape it is truly an elongated steel or iron shot, which 
strikes the water in the air-pump with such velocity that if the point 
of the plunger were not shapened into a parabolic curve its stroke on 
the waier would shatter the condenser to pieces. As it is constructed, 
however, by means of ingenious hydraulic mechanism, the rapid stroke 
of the air-pump is converted into so gentle a rise and fall of the water 
that the valves work with scarcely a sound, and a gentle throb when 
your hand is laid on the condenser is all that tells you of the pulsation 
going on within. The engine is a marvel of ingenuity and design, ft 
is, however, neither unkind nor unjust to say that the engine is still on 
its trial, that trial which alone tells us whether any mechanical engine 
is destined to live and advance oar generation, or to lose its reputation 
with its novelty, and die out. 



CORN MILLS. 



In Buch a simple art as that of reducing the grain to 
a powder, or to a state fit for making bread, the Eastern 
world is many agee behind the Western. The art of 
grinding com into flour in Asia is practised np to the 
present time as it was thouBands of years ago. It ia 
the practice for the women to grind com by means of 
a hand-mill, which ia to be found in every house — rich 
or poor. The hand-mill consists of two flat stones 
about two feet in diameter, kept rolling one on the 
other by means of a stick. The com falls down through 
a hole in the middle, and by the circular motion it is 
bruised and reduced into flour, which falls out at the 
rim of the millstones. Such is the primitive way in 




which the grinding of some of the most important 
articles of food has gone on in Asia from generation to 
generation, without any improvement up to the present 
time. 

In Europe, the art of grinding com has undergone 
many modiflcations. Com mills were erected, in which 
at first wind or water power was made use of in driving 
the stones. But it was only at the close of the last 
century that important progress was made in the pro- 
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STEAM-ENGINES AT THE PARTS EXHIBITION 

OF 1867. 

(From the Engineering Joumaly May, 1867.) 

There is an American steam-engine which arrests the attention of 
ever)'- competent engineer who walks round the circle of that depart- 
ment. It embodies all the characteristics of American engineering ; it 
is light in structure, elegant in design, refined in artifice, charming in 
its simplicity, and yet there is nowhere any sacrifice of perfection or 
usefulness for a fictitious semblance of simplicity. Where anything is 
to be done, it is done straightforwardly and to the purpose ; there is no 
pretence of doing two thmgs at once, while seeming to do one. The 
engine is called the Corliss engine ; it is not a novelty in America, and is 
not unknown to well-informed English engineers. Nevertheless, we 
may safely say it is a practical novelty, and the manner in which it is 
designed and executed is admirable. Its special peculiarities are its 
valves, and the mode of working them, and its general disposition and 
^ructure. It is made like all Ajmerican engines, with saving of fuel as 
the great consideration. Because we have cheap fuel, we have too 
often to pay the penalty of bad engineering. TTie Americans make 
fuel out of brains, and a Yankee engine doing the same work as one of 
ours on half the fuel at once deprives us as a nation of any manufactur- 
ing advantage from our cheap and abundant fuel. The Corliss engine 
spares every ounce of coal ; it is always on the watch to do so, and so 
lively is it that the moment the engine goes its speed, and can spare a 
little steam or coal, the watchful mechanical governor of the engine 
takes to sparing the steam and hoarding the fuel. Just as a good loco- 
motive driver is always watching for the opportunity of putting the 
expansion gear on a new notch to increase his cut-off, so is the 
mechanical government of the Corliss engine carried on by mechanism 
which successfully represents the care and skill of an accomplished 
driver. The engine has four ports at what we may call the four 
comers of the cylinder. They are worked by four independent valves. 
The object of this is to spare all passages and all waste in them. The 
engine has detached the escape- valves from the steam- valves, so that 
both may have independent motions ; but to the steam-valves is added 
what we may call a detaching movement, and this "detent" movement 
is one of the characteristics of the engine. It is indeed very peculiar, 
original, and American; it is the means by which the mechanical 
governor, ever on the watch, renders the engine " autonomic." It acts 
thus : the valve-rod of each steam-port is held, as it were, between the 
finger and thumb of what one may call the right arm and the left arm 
of the governor. These two arms are moved regularly back emd for- 
ward by an unvarying motion ; but the finger and thumb of each hand 
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of the governor let go their hold of the steam-yalves the moment the 
governor judges that enough steam has entered ; and the moment the 
opened finger and thumb release the valve, no more steam enters, and 
the rest is saved. When a heavy load is suddenly pat upon tte engine, 
the finger £ind thumb hold on longer, and let more steun enter. The 
moment the load is lightened and the engine can go easy, the finger 
and thumb let go quicldy again, and so spare fu^ 

We must candidly say that this arrangement is fascinating and ele> 
gant. It would be easy to do it clumsily and badly, for letting a valve 
go with a sudden jerk is neither good engineering nor sound eccmomy ; 
but Mr. Corliss has two delicate BtUe air-cushions placed immediately 
under the drops where the finger and thumb release their hold, and so 
the whole of these motions, however quick and sharp, are^ gentle and 
soft. In regard to the general structure of the «igine^ it is almost 
superfluous to say that forethought, judgment, and skill are equally 
displayed in the wise disposition and good proportions of its i)artB. It 
is an engine from which any good English engineer may read off to 
himself an agreeable and interesting lesson. And, indeed, more 
engineers than one have already read that lesson, and in our own 
English department may be seen two engines, which, if not copies or 
literal imitations, are plainly its progeny, ^rung from its seed. Hick, 
of Bolton, and Whitworth, of Manchester, have plainly adopted the 
opinions to which we have just ^ven expression, and t^y nuist long 
ere now have carefuUy studied this engine^ and bethought themselves 
how to use or better the example ; and of these two, one at least is cer- 
tainly on the way to better the example. That the firm of Messrs. Hick 
should have appreciated the merits and introduced the improvements 
of such an engine into English use is highly creditable to their judg- 
ment, and is just what might be expected from a firm which is 
notorious for having very early introduced, and very energetically 
maintained, the Woolf system of double-cylinder engine in this 
country. The eng^e they have made is a good and economical one, 
and if they have not adopted the latest refinements of the Ajnerican 
engine, they have perhaps gone as far as the ordinary demand for 
refined engines would allow. 

The engine, however, in the English department which is most 
deserving our attention is one which steps far beyond any other steam- 
engine in the Exhibition in its character and purpose. We do not say 
that it has achieved all its aims ; but it has gone so £eu:, and accom- 
plished so much, that we are bound to regard it as an engine of the 
highest promise : curiously, too, it is a hybrid or cross-breed of engine; 
it IS derived from Corliss's ; it is improved by two Americans, AJlen 
and Porter, and it is constructed with the forethought, proportion, 
symmetry, and truth of construction which have so long distinguished 
all that issues from the establishment of Whitworth, of Manchester. 
The design of this engine, as far as can be gathered from its structure, 
is this : it is meant to be CorHss*s engine, but without Corliss's valves 
and without the finger and thumb motion which distinguishes it, but it 
dispenses with these valves and these motions only by the substitution 
of something else, which is at once the same and diff'erent. Its valves 
are slide valves, one an ordinary slide and one a cut-off slide ; but the 
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character of the slides is very peculiar, and the mode in which they are 
moved, although not Corliss's finger and thumb motion, are meant to 
obtain from the gentle movement of the ordinary eccentric an action of 
the valves equivalent to that of CorHss's b^ a gentle and slow, instead 
of a sudden and quick, movement. The diagrams of the eng^e show 
that the valves perfectly succeed in producing in the cylinder a high 
and economical development of steam power. So far, however, we 
can say little, except that they have constructed a Corliss engine, or its 
equivalent, in another manner. 

Having overtaken Mr. Corliss in the application of the steam in his 
cylinder, the constructors of this engine now make a great stiide to go 
beyond him. They say, " Our valves are not only as good as Corliss's, 
but they are, withal, so smooth and gentle in their action, that they 
are capable of working much more rapidly.'* They, have, therefore 
determined to use this smoothness of action for the development of a 
far higher amount of power out of an engine of given size than had 
heretofore been accomplished. Corliss's engine, like other fixed steam- 
engines, performs admirably with a piston travelling, say, 200 feet a 
minute, or about the usual traditional speed of the steajn-engine. The 
Allen-Porter- Whitworth engine leaves this behind with a long stride ; 
its piston starts away at the unusual speed of 800 feet per minute, and, 
in doing so, quadruples the work done by an engine of given size and 
power. This is certainly an unparalleled feat in the gymnastics of the 
steam-engine, and, if successfully accomplished, seems to promise an 
important revolution in machinery. 

It is not to be overlooked that we are speaking of a condensing- 
engine, and, what is more surprising still, an engine whose air-pump 
works with the same speed as its steam-piston. The eye scarcely can 
see the plunger of the air-pump clearly, from, the rapidity with which 
it travels in and out of the condenser. The plunger looks more like 
the elongated shot of a Whitworth cannon than the piston of an air- 
pump ; m shape it is truly an elongated steel or iron shot, which 
strikes the water in the air-pimip with such velocity that if the point 
of the plunger were not shapened into a parabolic curve its stroke on 
the water would shatter the condenser to pieces. As it is constructed, 
however, by means of ingenious hydraulic mechanism, the rapid stroke 
of the air-pump is converted into so gentle a rise and fall of the water 
that the valves work with scarcely a sound, and a gentle throb when 
your hand is laid on the condenser is all that tells you of the pulsation 
going on within. The engine is a marvel of ingenuity and design. Jt 
is, however, neither unkind nor unjust to say that the engine is still on 
its trial, that trial which alone tells us whetner any mechanical engine 
is destined to live and advance oar generation, or to lose its reputation 
with its novelty, and die out. 



COAL MINES IN INDIA AND THE EAST. 

INTRODUCTIOX. 

Coal is superior to every other description of fuel, 
and bears a most important relation to the establish- 
ment of mills and factories in India, China, and other 
parts of Asia. The extent of its distribution in the 
East will be seen from some valuable papers given on 
that subject from the highest authorities. The East 
India Railway, in Bengal, which extends more than 
1 ,200 miles, passes near the mines of Burdwan, Hanee- 
gunge, and obtains its supply of coal at a cost of ten 
shillings per ton at the pit's mouth. 

In the Bombay Presidency the Great Indian Penin- 
sular Railway Company, with the sanction of Govern- 
ment, has made a contract with the Nerbudda Coal and 
Iron Company for a supply of coal at prices ranging 
from £1 4s. per ton, decreasing every year as the 
mines are developed, down to 18«. per ton in January, 
1872. There is little doubt that with the progress of 
railways, roads, and canals, the coal, iron, and other 
mines will be worked extensively, and will be a source 
of profit to the people, as well as to the companies and 
to the Government. 

The most rudimentary form of coal is peat. There 
is also another kind of coal of a brown colour known as 
lignitey showing a woody structure. But the variety of 
coal generally used in factories for steam purposes is 
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hituminous coal. Another variety is cannel coal. When 
a single piece of this is ignited it continues to bum with 
a smoky flame ; hence the original name of " candle 
coal/' corrupted into cannel coal. It is particularly 
suitable for gas-making, and for this reason commands 
the highest price. 

The amount , of power contained in coal is almost 
incredible. In burning a single pound of it, there is 
force developed equivalent to that of 11,422,000 lbs. 
weight falling one foot, and the actual useful force got 
from each pound of coal in a good steam-engine is that 
of 1,000,000 lbs. falling through a foot ; that is to say, 
there is spring enough in coal to raise a million times its 
own weight a foot high. In this mineral there is what all 
the world wants — ^power. Coal is the product of the 
decay of vegetable matter, of which fact evidence is to 
be found in the difierent samples of coal to be seen in 
the London Geological and other museiuns. Vegetable 
matter consists essentially of carbon about 60 per cent., 
water 47, and ash 3 per cent. Now, in proportion to 
the degree of decay will be the relative increase in the 
per-centage of carbon in coal, and the final stage is 
reached in the variety of coal termed anthracite, which 
may contain upwards of 90 per cent, of carbon. 
Between unchanged vegetable matter and anthracite 
every gradation is observed. An excellent illustration 
of this kind of change is presented by a peat bog, 
where moss, which in Europe is the source of peat, 
may be seen growing at the top and gradually passing 
into peat underneath; and at the bottom decay may 
have so far advanced as to yield black peat free from all 
appearance of vegetable structure. What takes place 
in this transformation of moss into peat is precisely 
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similar in kind to what takes place in the conversion of 
vegetable matter into coal. The difference between the 
two cases is simply one of degree. Just in proportion 
as decay progresses in moss, will the proportion of 
carbon in the product relatively increase. 

COAL MINES IN INDIA. 

(From a Paper by M. C. Bbooks, Esq., Indian Department, London, 
in Eecord of the Great Exhibition, 1862.) 

The coal resources of India are fairly represented in 
the present exhibition. There is an excellent series of 
coals sent by Professor Oldham, Director of the Geo- 
logical Survey of India, which maybe accepted as types 
of the principal Indian coalfields. From the mines in 
the Singaran valley specimens are shown from Choki- 
danga, Toposi, Mangulpur, Harispur, and Babusol. 
The colliery at Chokidanga was established in 1834. 
The seam of coal is 15J feet in thickness, and the 
average annual yield of the last three years has been 
360,000 maunds. At Toposi a seam of 22 feet is 
worked, and last year 300,000 maunds of coal were 
raised. Mangulpur is a long-established colliery, where 
a seam of 15^ feet (including 9 inches of shale) is 
worked, and yields annually a million maunds of coal. 
Babusol and Madhubpur, or Harispur, are situated in 
the lower portian of the Singaran stream, and are the 
most eastern collieries of the field ; they unitedly 
yielded 624,000 maunds of coal during last year. 
The Central Ranigunje coalfield is represented by 
specimens from Ranigunje, Rogonathchuk, Bhangabana, 
and Bansra. Mines were actually worked in the 
Ranigunje field as long since as 1777. This field is 
an important one, not only for its extent, but its 
position. It lies at a distance of from 120 to 160 miles 
N.W. of Calcutta. The area as at present ascertained 
is about 500 square miles. The most extensive work- 
ings are Ranigimje, near the Damuda river. The 
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entire seam is 13 feet in thickness, divided by a band 
of shale into two seams of 9 and 3 feet. From each of 
these specimens are sent. The Ranigunje workings 
yielded 1,600,000 maunds in 1800-1. Rogonathchuk 
is on the banks of the Damuda, and is one of the oldest 
collieries in the field. The seam is 12^ feet in thick- 
ness. Bhangaband is in the same neighbourhood, and 
yields annually about a quarter of a million maunds. 
At Bansra the seam is about 7 feet thick. Of the 
mines in the Nunia valley there is a deficiency of 
samples. Those in the eastern division, thirteen col- 
lieries in all, are unrepresented ; those in the western are 
known only by a specimen from Futtipur, on the Grand 
Trunk road. The bed here is of ten feet thickness and 
excellent quality. From neighbouring mines speci- 
mens are shown from Hahinal in the west of the 
Ranigunje field, near the confluence of the Barakar and 
Damuda ; from Chinakuri on the Damuda, not far 
from Hahinal ; from Dumarkhunda to the west of the 
Barakar ; and from Kastae in the extreme north of the 
Ranigunje coal-field. The out-turn at the colliery of 
Chinakuri is not less than three and a quarter millions 
of maunds annually. At Kastna there is a seam of 
upwards of 30 feet in thickness, which is worked in 
open quarries. The specimen sent is from the lower 
11 feet of this seam. The produce of all these fields is 
not less than 320,000 tons per annum. 

The coal in the lower Damuda is frequently found 
intersected with basaltic trap, and in most cases the 
structure of the coal is entirely changed. The coal 
becomes prismatic or columnar, and this may be seen 
over large areas. The columns are often not more than 
half an inch in diameter, and so completely separated 
that it is difficult to procure a specimen which will 
show more than one single prism. 

The following table represents the relative value of 
the different coals of which specimens are shown from 
the coalfields of Bengal : — 
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Name. 



Thickness of 
Seam in Feet. 



Composition of Coal. 



Carbon. 



Volatile 
Matter. 



Ash. 



Kurhnrbalee 
Futtehpur 
Dumaxkunda 
Kastna 
Ohokidanga . 
Chinakuri 
Hattinal . . 
Madubpore (Harispur) 
Ranigunje 

Do. . . . 
Toposi . . . 
Bansra . . . 
Rogonathchuk 
Babusol . . 
Chilgo . . . 
Oormoo . . 
Panchlvni 
Mangalpur . 
Bankijora 
Banali . . . 
Bhangaband 
Bhorah . . 



7 to 16 
10 
10 
30 
151 
10^ 
11 
17 

9 

3 
22 
13 
lOj 
17 

5 
7 and 3 

7 
16^ 
19 
12 

7 
17 



66-70 

63-80 

62-40 

61-40 

56-80 

53-20 

52-60 

61-10 

60-80 

50-30 

49-20 

47-00 

46-90 

46-00 

45-50 

45-00 

44-20 

43-90 

43-50 

42-60 

40-30 • 

25-20 



24-80 
25-00 
22-60 
2800 
34-00 
35-50 
33-00 
35-40 
36-00 
36-30 
35-40 
40-00 
35-00 
35-40 
43-50 
44-60 
34-10 
38-40 
42.00 
44-20 
28-40 
37-20 



8 
11 
15 
10 

9 
11 
14 
13 
13 
13 
15 
13 
18 
18 
11 
10 
21 
17 
14 
13 
31 
37 



•45 
•20 
•00 
-60 
•20 
•30 
•40 
•50 
•20 
•40 
•40 
•00 
•10 
-60 
-00 
•40 
•70 
•70 
-50 
-20 
-30 
-60 



Of the collieries in the Eajinahal hills, those in the 
neighbourhood of Brahmini Nuddi are represented by a 
specimen from Panchbynee, in the extreme south of the 
hills; those near Banshi Nuddi by specimens from 
Oormoo, Chilgo, and Bankijora. These are often 
spoken of together as the Alubera collieries. At 
Oormoo the seam is 10 feet, at Chilgo 6 feet, and at 
Bankijora 19 feet in thickness. The field on the north 
and north-west of the hills is represented by a speci- 
men from Bhorah. There are also specimens from the 
Khurhurbari coalfield, and from Bareilly. The dis- 
tricts of Palamow, Khasia hill, Singrowli, and Scinde are 
unrepresented. The amount of coal raised in the 
Singrowli coalfield is small ; coal is known to exist in 
a westward direction from this bed towards Singhpoor, 
but no collieries are yet established. The Nerbudda 
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valley also contains coal, of which three specimens are 
sent from Mohpanee, in Nursingpore, The coal in this 
locality forms a strip or band of irregular width along 
the foot of the Puchmurree hills. There are three 
seams at Mohpanee of 10 feet, 6 feet, and 3 feet 6 
inches respectively. These mines have been leased to 
the Nerbudda Coal and Iron Company. The whole 
amount of coal raised in India during the year 1866 
was ten million of maunds, or about 370,000 tons. 

Coal Mines in Assam, — ^A cursory examination of 
the coalfields of Assam has established the existence 
of coal mines both at Jaipore and Terap, the latter of 
which especially are said to promise an unlimited 
supply of very superior quality. 

It has been determined at once to throw open the 
coalfields of Assam to private enterprise, and to grant 
leases on certain conditions ; and the grant of a per^ 
petual lease of five plots of land in the Sonthal per- 
gunnahs which contain coal has been authorised on the 
same terms. In the Central Provinces coal has been 
found in eleven differeat places in the Pench vaUey, 
with a thickness of good coal in the seam varying from 
1 ft. to 12J ft. ; the angle of dip is everywhere very- 
small, from 3^ to 10^, and the quality and depth of 
most of the seams are supposed to be constant, at all 
events over considerable areas. 

COAL MINES IN CHINA. 
(From the Journal of the Society of Arts,) 

Extensive mines of coal exist in the mountains to 
the north-west of Pekin. It costs about 16s. per ton 
at the pit's mouth, and more than double this amount 
per ton is paid for transport to the coast ; but the 
mines are worked in the rudest way, and the little coal 
that finds its way from the western ranges to Tien-tsin 
is conveyed on mules or camels from the mountains to 
Tung-chow, on the Peiho, and thence down the river 
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in boats to this port. From the mines in the northern 
range there is water communication of an indifferent 
character to Tien-tsin, but the quality of this coal is 
much inferior to that which comes from the western 
mountains. Here, however, is a great source of wealthy 
only waiting the application of European skill and 
capital to enrich those who undertake its development. 
There are three descriptions of native coal to be pur- 
chased in Hankow. One known in China as dry coal, 
is retailed at about 600 cash per picul ; that known as 
smoke coal is quoted at about 760 cash per picul ; and 
a third, which is called white coal, costs about 800 cash 
per picul. The dry coal is a sort of coke, and is ad- 
mirably adapted for all household purposes. The smoke 
and white coal are well suited for and employed by 
steamers. Hankow is furnished with coal by the 
Hunan coalfields, the position of which can be deter- 
mined by a glance at any ordinary map. By following 
from its source the river (the Hsiang-Kiang), which, 
rising in the Hsiao Ling mountains, flows northwards 
until it reaches the Tung-Ting lake, the district city of 
Kyang will be found situated a short distance above 
the point where the north-east comer of Kiangsi cuts 
into Hunan. Here are the mines which supply the 
yen-mei, or smoke coal. Proceeding north we reach 
the great mart of Hsiang Tan, situated at the junction 
of two branch streams with the Hsiang-Kiang. The 
more westerly of these streams flows past a city marked 
on the map as the district city of Syang-Syang, and it 
is in this neighbourhood that the ku-mei, or dry coal, 
is produced. Further north two larger tributaries, 
also from the west, swell the volume of the main river; 
thirty miles above this embouchure they unite, and at 
the point of union is the district city of Fyang, close 
to which are the hills which yield the paimei, or white 
coal, a description of anthracite. On the Yang-tze 
Captain Blakiston saw no coal until he was forty miles 
beyond Chang-Fu, that is to say, over 440 miles above 



PEKIN COAL. 287 

Hankow. According to the Chinese the coal produced 
in Sze-chuen and the western part of Hu Pei is in- 
ferior to that which comes from Hunan, a statement 
which would seem to be confirmed by the fact of Cap- 
tain Blakiston seeing at Sha Skit, about 190 miles above 
the outlet of the Tung-Ting lake, junks laden with 
Hunan coal bound upwards. Many are of opinion 
that coal should be found much nearer to Hankow ; 
and during the past two years two foreign firms — one 
British and one American — have, with the greatest 
perseverance, been endeavouring to trace its existence 
in the Ching-kow hills, ten miles above Hankow. The 
British firm has recently desisted, but the American 
firm still continues its researches. Many of the hills 
between Kin-kiang and Hankow present every appear- 
ance of being rich in immense treasures, more especially 
that fine range which terminates eighty-five miles below 
Hankow, in the picturesque bluflf known as the Cock's 
Head. 

(From the Quarterly Bevieiv, 1866.) 

Pekin Coal, — ^We may state that having examined 
coal, including lignite, from nearly every part of the 
world, we have seen no steam-coal superior to that from 
the neighbourhood of Pekin, where it is reported that 
a magnificent coalfield exists not less than 300 miles 
in extent. This report is founded on a personal com- 
munication from a geologist who has spent three years 
in the exploration of that coalfield. We have received 
several samples of Chinese coal, and we find them to 
difier much in quality. In 1862 they were tried in 
some of Her Majesty's ships under the conmiand of 
Admiral Sir James Hope, and the results obtained 
were precisely such as the composition of these coals, 
which has been accurately determined, would indicate. 
The day will arrive when the coal-mines of China will 
prove a source of wealth and power, and may possibly 
determine who shall exercise naval predominance in 
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the East. These rnineSy in order to their successAil 
development, must be worked under the direction of 
colliery engineers of experience and skill, and will 
require the introduction of steam winding and pump- 
ing machinery. But the Chinese authorities dread all 
such foreign innovations, especially as they must for a 
considerable period be under the supervision of despised 
barbarians. Perhaps they may be disturbed by a 
vision of what has befallen India. If, unhappily, we 
should again be involved in war with the Celestials, 
and again be victorious, it might be well to stipulate 
for a concession of a portion, at least, of this great 
coalfield. 

Much interest has been excited in the public mind 
concerning the recent discoveries of very large accumu- 
lations of petroleum in Rangoon and in the United 
States. This substance is a combustible mineral oil, 
composed essentially of carbon and hydrogen, which 
may be employed either as fuel or for the purpose of 
illumination. Petroleum, or rock oil, has long been 
known to occur in various parts of the world. It is 
derived exclusively from vegetable or animal matter, 
and in many cases has certainly been produced from 
coal by a natural process of distillation. According to 
Professor Lesley, of the United States, one of the best 
authorities on the subject, rocks hold it in three ways — 
by being more or less gravelly or porous throughout ; 
by being cracked in cleavage planes throughout ; and 
by being traversed by large fissures, which are probably 
all of them mere enlargements of cracks along the 
cleavage planes. We have only to observe that qud fiiel 
we may virtitally regard it in the same light as coal. 
What is petroleum but the essence of coal, distilled 
from it by terrestrial heat P 
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QUANTITY OF COALS EXPORTED FROM GREAT BRITAIN 



To 


1866. 


1865. 


1864. 


1863. 


1862. 




Tons. 


Tons. 


TODB. 


Tons. 


Tons. 


India. . 


436,292 


342,283 


364,038 


357,997 


273,146 


France . 


1,904,091 


1,589,707 


1,447,494 


1,306,256 


1,443,115 


Russia . 


675,154 


488,178 


472,844 


460,176 


438,190 


Denmark 


696,781 


545,333 


598,282 


560,864 


668,879 


Prussia . 


476,529 


597,771 


355,722 


522,300 


535,336 


Hanse ( 
Towns S 


611,315 


604,760 


57^,690 


216,202 


254,314 


Spain. . 


527,181 


473,301 


646,029 


667,872 


523,258 


Brazil . 


245,321 


222,985 


186,992 


166,085 


138,643 



V 



FACTORY BUILDINGS. 




INTRODUCnOIf. 



Situation. — Before erecting any buildings for factoriee 
or mills, great attention should be given to the question 
whether they should be in a town or at a distance ; and 
also to proximity to rail, river, or canal. Pure and 
abundant water will be required for all factory purposes, 
but more in bleaching, dyeing, calico-printing, and 
paper-making, than in other works. The situation 
should be also as near as possible to the land producing 
the raw materials, to the market for manufactm^ 
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goods, and to the supply of fuel. Labour whicli can be 
relied on at all seasons will also be necessary. Wher- 
ever these exist in combination, more or less, manufac- 
turing processes can be carried on with advantage. 

Size. — The advantages of manufacturing with im- 
proved machinery will only be derived by conducting 
it on a scale of sufEcient magnitude. In that case, the 
division of labour is profitable, the raw material is 
economised, and the management and superintendence 
are confined within narrow limits. Up to a certain 
extent, the cost of production wiU be less in proportion 
to the magnitude of the works. This fact has been 
kept in view in fixing the size of works for which plans 
and estimates are given. 

Plans of manufacturing establishments will vary- 
according to situation and other local circumstances. 
In a majority of cases, however, the plans of factories 
given in this work will be applicable, or could be easily 
modified and altered to suit particular localities. The 
plans, though necessarily on a smaU scale, give a 
general idea of the works, denote the size of the build- 
ings, and show the disposition and arrangement of 
machinery. 

In almost all the plans given, the machinery is 
arranged on the ground-floor only. This is convenient 
for the reception of the several engines and machines, 
and has great advantages where the different processet 
of manufacture are continuous from one department to 
another. 

In the Bombay cotton mills, as already explained in 
note on cotton mill plans, the necessary light for 
working the mill is derived from a series of glass 
windows, supported on the top of iron girders of roof, 
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the windows running right across the entire breadth of 
the mill from the rows of iron colums. The colimms 
are placed generally about 20 feet apart one way, and 
10 feet the other way, and these support the framing 
and top windows of the roof. For mills lighted on this 




principle from the top several thousand square feet of 
window glass are required. Even for a cotton mill 
containing no more than 5,500 throstle spindles, which 
occupy much less space than mule spindles, more than 
25,000 square feet of glass will be required. In the 
plans given, however, a different principle has been 
adopted for lighting, based on actual experience. It is 
a great improvement, inasmuch as it dispenses with the 
series of upper windows, does away with the iron 
columns, and with the nuisance of having several 
gutters inside the mill. The principal feature is this : 
that instead of one block, the factory buildings are 
divided into three or four separate wings, connected 
with each other, and leaving an open space in the 
centre for storing coals, building reservoirs, and such 
other purposes. The breadth of the wings is so 
regulated that the iron roof for each may be of one 
span, resting on the two side walls, and having gutters 
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outside. In one or two exceptional cases the breadth 
exceeds 60 feet ; in all other plans it is much less. In 
those exceptional cases, if the breadth of the wings be 
considered too great for a single span, a roof of two 
spans may be adopted by having a row of columns 
running in the centre line. The wings in any case for 
all the plans given will be entirely lighted by a series 
of windows inserted in the walls, to some extent lessen- 
ing the cost in brickwork. No top windows, or even 




skylights, will be at all required. The windows being 
placed opposite each other with top ventilators, and 
the roof being of one span, the ventilation in the mill 
could not be better ; and the light that will be admitted 
jfrom side windows would be ample. 

Working planSy with the necessary details, are given 
by the machinist in duplicate after receiving the order ; 
these, being forwarded by mail steamer, and the build- 
ings commenced forthwith exactly in accordance with 
the plans, the factory will be nearly ready by the time 
the machinery arrives from England. The work of 
erecting the machinery and putting up the roof some- 
times goes on simultaneously. 
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Extensions. — The plans have been so designed that 
extensions to works in a great many cases could be 
made without disturbing the machinery that may be 
working, at any time it may be found profitable to do 
so. It is a waste of capital and resources to erect 
factory buildings, as is often done, nearly twice as 
large as required in the first instance, and even to 
provide double the motive power, because future ex- 
tensions may be contemplated. This is a very unsa^tis- 
factory way of proceeding. 

The construction of factory buildings is, on the whole, 
as simple as building a dwelling-house, only it requires 
exactness in measurements. Generally speaking, the 
structure consists of four walls and certain partition- 
walls. The materials for building the factory will, to 
a great extent, depend on the market price. The walls 
may be either built of stone or of burnt bricks laid in 
mortar ; the fioor of stone or timber, with iron or 
timber roof. The thickness of a wall will depend on 
the height it is to be carried — the only condition re- 
quired being that it should be substantial. Owing to 
the want of suitable machinery for sawing timber, and 
making wooden doors and windows, the cost is so high 
that iron windows made in Birmingham have been sent 
over for some of the Bombay mills ; also iron framing 
for roof, and corrugated sheets of iron, galvanised, or of 
zinc. 

Iron roofs for factories will be preferable in a great 
many cases to those of timber. The material is much 
more durable, dry, free from vermin, and not liable to 
be eaten up by white ants ; nor is it so heavy-looking 
as timber. In one mill in Bombay, in a double-tile 
roof, to support the heavy weight, inch teak timber- 
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planks have been used, costing more than £5,000, 
which item was entirely sayed in another mill built 
close by, a few years lat«r, by adopting the iron 




framing of roof and galvanised sheets without any 
boarding underneath. In one im\W at Calcutta the iron 
roofs are double ; that is, the framework has an outer 
and inner covering of galvanised corrugated iron, with 
a space of 12 inches between them, as a protection from 
heat. The principals of 40 feet span are formed of 
lattice- work rafters 10 inches in depth, dispensing with 
the ordinary struts and ties. 

It is believed that, with a proper span of roof and 
good ventilation, there need not be any apprehension 
of inconvenience being felt even in the hot season in 
warm climates from iron roofs. In two mills in Bom- 
bay, one with a double tile roof witli inch-teak board- 
ing, and the other with only galvanised iron sheets 
without any boarding or felt, the temperature on a 
warm May day was the same in both cases ; both 
mills were built, lighted, and ventilated on the same 
principle. 
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The move Jirepr oof Q, factory building is the^better it 
will be. This could be ensured to a great extent by 
avoiding timber as far as practiciji|ji>— having brick 
arches resting on iron girders, doors and windows made 
of iron, and other improved appliances. It would be a 
wise provision to lay out, in all the principal rooms, 
water-pipes, and, at certain points, flexible leather or 
rubber hose pipes, with brass nozzles, in connection 
with the main town supply-pipe, to be used immediately 
in case of fire. In large works it would be wiser to 
have an independent steam fire-pump, so made as to 
be used for that purpose without any unnecessary 
delay. A steam fire-engine with double pumps, so 
made as to drive the machinery in a mechanic's shop, 
also with portable boiler and fittings, will cost about 
£150 to £200. 

A mechanics* shop is required to be attached to every 
factory, for sundry repairs, fitted up with more or less 
tools, as already remarked in the section on iron work- 
shops. The best position for it in the factory buildings 
will be near the boiler-house ; it should be driven by a 
small independent portable engine whenever required, 
which may also be so adapted as to work a fire-pump 
in case of fire. 

Foundations for Steam-EngineSy which are required 
to be very firm and stable, may be best built of stone, 
but not if stone is very expensive. In that case a solid 
brick foundation will answer nearly as well. By some 
mistake, for two cotton mills stone for engine founda- 
tions was ordered from England, and the freight came 
to more than 100 per cent, on the cost. 

Firebricks and fireclay will be required to build round 
the boilers, to resist the great heat. In Madras, in the 
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School of Arts, firebricks are made, and have been 
used in the Government gun-carriage and other works 
there. Not so in Bombay, as for every mill firebricks 
and fireclay have been sent over from England. 

The Chimney in factories is built of ordinary bricks. 
Iron chimneys will do well only for temporary, but not 
for permanent works, as a brick chimney is more 
economical in the end. It would be well to build the 
chimney 5 feet or more higher than actually required, 
as the draught is regulated at pleasure by the dampers, 
otherwise it will cost a great deal more, if increased in 
height after the works were completed. 

The Design for a factory is not an unimportant 
matter. There has been, with hardly any exception, a 
total disregard of taste or design in mills built in 
India, at least in Bombay. Unfortunately a notion 
prevails that buildings with architectural beauty must 
cost a good deal ; but not so necessarily. It is quite 
possible, without any additional cost, or at very slight 
extra cost, to relieve the hideous monotony and ugliness 
of a large brick surface extending hundreds of feet, by 
the introduction of wings and slight projections in 
suitable places, and by building arches over doors and 
windows of different forms. A pleasing effect is also 
obtained by using with some taste bricks of different 
colours. Of course in no case should the interior 
arrangement of machinery be unnecessarily interfered 
with, merely for outward show of the building. In 
England some mills are magnificent structures; for 
instance, that at Saltaire — as will be seen from the illus- 
tration — ^built by one who, once a farmer, by industry, 
enterprise, and intelligence, rose to be amongst the 
foremost in the rank of manufacturers in England. In 
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the French Exhibition of 1867 the English boiler- 
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house waa built from a desig^n taken from an Indian 
mosque, of which a photograph and description had 
appeared in 1866 in the rolume on the architecture of 




Ahmedabud, published at the expense of a native 
gentleman of Bombay, who contributed £1,000 for 
this purpose. 

English mills are generally five, six, and even seven 
stories in height, on account of the high price of land 
in towns, locJ taxes, and other causes; they are 
worked during the greater part of the winter season, 
even during the day, by gas-light, as the days are 
gloomy. In India this will not be necessary, on ac- 
count of the superabundance of light ; but when some 
particular mills are to be worked during night as well 
ss day, a portable gas apparatus will be necessary, in 
which gas could be easily manufactured from coals or 
oils, OF refuse fats. English mills, on account of the 
cold chmate, are heated by steam-pipee during a greater 
part of the year ; in India, and other parts of Asia, it 
will only be required in a very few places, on those 
days when the fall of rain during the rainy season may 
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of iron, and other improved appliances. It would be a 
wise provision to lay out, in all the principal rooms, 
water-pipes, and, at certain points, flexible leather or 
rubber hose pipes, with brass nozzles, in connection 
with the main town supply-pipe, to be used immediately 
in case of fire. In large works it would be wiser to 
have an independent steam fire-pump, so made as to 
be used for that purpose without any unnecessary 
delay. A steam fire-engine with double pumps, so 
made as to drive the machinery in a mechanic's shop, 
also with portable boiler and fittings, will cost about 
£150 to £200. 

A mechunics^ shop is required to be attached to every 
factory, for sundry repairs, fitted up with more or less 
tools, as already remarked in the section on iron work- 
shops. The best position for it in the factory buildings 
will be near the boiler-house ; it should be driven by a 
small independent portable engine whenever required, 
which may also be so adapted as to work a fire-pump 
in case of fire. 

Foundations for Steam-Engines, which are required 
to be very firm and stable, may be best built of stone, 
but not if stone is very expensive. In that case a solid 
brick foundation will answer nearly as well. By some 
mistake, for two cotton mills stone for engine founda- 
tions was ordered from England, and the freight came 
to more than 100 per cent, on the cost. 

Firebricks and fireclay will be required to build round 
the boilers, to resist the great heat. In Madras, in the 
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School of Arts, firebricks are made, and have been 
used in the Government gun-carriage and other works 
there. Not so in Bombay, as for every mill firebricks 
and fireclay have been sent over from England. 

The Chimney in factories is built of ordinary bricks. 
Iron chimneys will do well only for temporary, but not 
for permanent works, as a brick chimney is more 
economical in the end. It would be well to build the 
chimney 5 feet or more higher than actually required, 
as the draught is regulated at pleasure by the dampers, 
otherwise it will cost a great deal more, if increased in 
height after the works were completed. 

The Design for a factory is not an unimportant 
matter. There has been, with hardly any exception, a 
total disregard of taste or design in mills built in 
India, at least in Bombay. Unfortunately a notion 
prevails that buildings with architectural beauty must 
cost a good deal ; but not so necessarily. It is quite 
possible, without any additional cost, or at very slight 
extra cost, to relieve the hideous monotony and ugliness 
of a large brick surface extending hundreds of feet, by 
the introduction of wings and slight projections in 
suitable places, and by building arches over doors and 
windows of different forms. A pleasing effect is also 
obtained by using with some taste bricks of different 
colours. Of course in no case should the interior 
arrangement of machinery be unnecessarily interfered 
with, merely for outward show of the building. In 
England some mills are magnificent structures; for 
instance, that at Saltaire — ^as will be seen from the illus- 
tration — built by one who, once a farmer, by industry, 
enterprise, and intelligence, rose to be amongst the 
foremost in the rank of manufacturers in England. In 
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PEICES OF IRON ROOFS, PER HUNDRED SQUARE FEET 

OF GROUND COVERED. 



R00& of the ordinary ridge form, consisting of principals and other 
framing, skylights, ^tter and ram- water pipes. 

In spans not exceeding 30 feet 
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Corrugated iron roofs, in the arched form, without any framework 
(save tie-rods and suspension rods for counteracting the thrust upon 
the walls), are useful for spans not exceeding 40 feet. 

Prises. 
Painted. Galvanised. 
£ 8. d. £ 8. d. 
For spans not exceeding 25 feet, No. 20 gauge iron 215 310 
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Circular iron staircases for factories will cost (diameter 5 to 8 feet) 
from 18a. to 26«. per step^ 

Rough plate glass, cast, for factory windows, roofing, skylights, &c., will 
cost, f thick in plates, friDm 20 inches long up to 120 inches, frx)ni 1«. to 
2a. Chequered polished plate glass for office windows, &c., will cost 
frx)m Is. 6d. to 28. 6d. per foot 

Firebricks in England will cost per thousand, including square, 
arch, and chisel bricks, £i, delivered alongside a vessel. Fireclay, 26a. 
per ton. 

Self-coiling revolving shutters for windows and doors, made of wood 
laths, connected with bands of steel or iron, or made in one sheet entirely 
of steel, the price ranges 6t)m 2«. to 4a. per superficial foot, and for 
feictory gates and doors, &c., will answer better than heavy iron sliding- 
doors, being more secure and efficient. 

Copper-rope lightning conductors are made in any length in one 
piece, and, accx)rding to the diameter, will not cost more than from 
la. to 2a. per foot. 
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houae was built from a iieeig;ii taken from an Indian 
moaque, of which a photograph and description had 
appeared in 1866 in the Tolume on the architecture of 




Ahmedabad, published at the expense of a native' 
gentleman of Bombay, who contributed £1,000 for 
this purpose. 

English mills are generally five, six, and even seven 
stories in height, on account of the high price of land 
in towns, local taxes, and other causes; they are 
worked during the greater part of the winter season, 
even during the day, by gas-light, as the days are 
gloomy. In India this will not be necessary, on ac- 
count of the superabundance of light ; but when some 
particular mills are to be worked during night as well 
as day, a portable gas apparatus will be necessary, in 
which gas could be easily manufactured from coals or 
oils, or refuse fats. English mills, on account of the 
cold climate, are heated by steam-pipes during a greater 
part of the year ; in India, and other parts of Asia, it 
will only be required in a very few places, on those 
days when the fall of rain during the rainy season may 
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or compound cn^nes will have to be reg^ulated according to the posi- 
tion of the ground ; but the larger the surface exposed, and protected 
from the rays of the sun by planting large trees, the better it will be. 
The depth need not exceed 3 feet. In all plans given there is ample 
room for erecting large reservoirs in the yard, and thus the open space 
left will be economised for that purpose. If another reservoir is placed 
in front of the factory buildings with a fountain playing in the centre 
it will answer a double purpose. Where space is limited, lai^g^e iron 
tanks for cooling the water are placed over the boiler house and other 
parts of the factory. In one mill there being two wells about 20 feet 
deep, one was made to answer for drawing the water for condensing 
steiun, and the other for pouring in the hot water ; the "wells were 
thus used alternately. But the depth being the same, and the wells 
near each other, hot water from one commimicated with the other, and 
also with other wells surrounding the null property ; as there was no 
cool water for condensing steam, there was great difficulty in work- 
ing the engines; sometimes entire stoppage of the works was the 
result. 
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LEASE OF GROUND FOR BUILDING 

FACTORIES. 

FORM OF INDENTURE. 

This Indenture made between of 

of the one part, and inhabitant, of the other part. Whereas 

the said being absolutely possessed of, or well and suffi- 
ciently entitled to, an estate of inheritence in perpetuitjr of and in the 

piece or parcel of land called and premises hereinafter 

particularly described, hath contracted and agreed to, and with the 

said , to grant to him a lease of the same for the term of 

ninety-nine years from the first day of , 18 . ., renewable for 

ever, under and subject to the rents, provisions, conditions, and agree- 
ments hereinafter reserved and contained. Now this indenture 
witnesseth that in pursuance of the said agreement, and for and in 
consideration of the rents, covenants, provisions, and agreements here- 
inafter reserved and contained, and on the part of the said , 

his executors, administrators, and assigns, to be paid, observed, and 

performed by the said , doth, by these presents, demise 

and lease unto the said , his executors, administrators, 

and assicpis, all that piece or parcel of land, situate at , and 

entered mto the books of the collector of land revenue under No , 

and containing square yards, be the same more or less, and 

bounded on the north by the property of ; and which said 

piece or parcel of land, or part, is more particularly delineated or 
described on the plan thereof drawn on the margin of these presents ; 
together with all trees of every description growing and standing 
thereon, and all and singular the houses, out-houses, ways, paths, pas- 
sages, water-courses, wells, drains, easements, privileges, profits, com- 
modities, and appurtenances whatsoever to the said piece of land and 
premises, or any part or parts thereof belonging or m anywise apper- 
taining thereto. To have and to hold the same piece of land and 
hereditaments, and all and singular other the premises hereby demised 
and leased, or intended so to be, with their appurtenances, unto the 

said , his executors, administrators, and assigns, from the 

said first day of , for the term of ninety-nine years 

thence next ensuing and fully to be ended and completed, yielding 

and paying thereon unto the said , his heirs, executors, 

administrators, or assigns, the yearly rent of , by equal 

payments of , commencing from the first day of , 

18 . . , free from all deductions whatever during the said period of ninety- 

X 
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nine years. And the said doth hereby for himself, his 

heirs, executors, administrators, and assigns, covenant and agree with 

the said , his heirs, executors, administrators, or assigns, 

that he, the said , his executors, administrators, or assigns, 

shall and will, during the continuance of the said term hereby granted, 
pay, or cause to be paid unto' the said , his heirs, execu- 
tors, administrators, or assigns, the yearly rent hereby reserved, at the 
times, and in the manner, hereinbefore appointed, for the payment 
thereof respectively, free and clear of all deductions whatsoever ; and 

he, the said , his heirs, executors, administrators, or 

assigns, shall and will pay and discharge, or cause to be paid and 
discharged, all taxes, rates, assessments, and impositions whatsoever 
(except as hereinafter mentioned), now or hereafter during tiie con- 
tinuance of the demise, to be taxed, rated, assessed, and charged, or 
improved upon, any messuages, buildings, or trees, which may now or 

hereafter be erected upon tiie said ground by the said , 

his executors, administrators, or assigns. Provided always, and these 
presents are upon this express condition, and it is hereby agreed 
between the respective parties hereto, that if the rent hereby reserved, 
or any of them, or any part thereof, shall be in arrears, or unpaid, 
either in whole or in part, for the space of three months next after 
any of the same shall become payable, then and so often as it shaU 
be lawful for the said , his heirs, executors, adminis- 
trators, or assigns, to enter upon and distrain for the same, and for the 
costs and charges occasioned by the non-pa3nment thereof, upon all or 
any part of the said hereditaments and premises, and to dispose of the 
distress and distresses then and there found, according to law, to the 
intent that thereby the said quarterly payments, and every part thereof 
so in arrears and unpaid, and all costs and charges occasioned by reason of 
the non-payment thereof, shall be fully paid and satisfied, and further 

that he, the said , his executors, administrators, and 

assigns, shall well and truly pay, or cause to be paid, to the said 

, his heirs, executors, administrators, or assigns, the said 

yearly rent of , on the days and at the times hereinbefore 

reserved for payment thereof, without any deductions or abatements 

whatsoever ; and the said , for himself, his heirs, executors, 

administrators, and assigns, do hereby covenant and agree with the 

said , his executors, adnunistrators, and assigns, that the 

said , his executors, administrators, or assigns, paying the 

said rent of , in manner aforesaid, and observing and per- 
forming all and singular the covenants, provisions, and agreements, 
on his and their psot to be paid, observed, and performed, as afore- 
said, shall and may peaceabljr and quietly have, hold, and occupy, 
possess, and enjoy the said piece or parcel of land, tenements, here- 
ditaments, and premises, and all the trees, with their appurtenances, for 
and during the said term hereby granted, without any let, suit, trouble, 

molestation, interruption, or disturbance of it by the said , 

his heirs, executors, administrators, or assigns, or any other person 
or persons whomsoever, claiming or to claim by, from, or under him, 
them, or any or either of them, or any of his ancestors, and that he, 
the said , his heirs, executors, administrators, or assigns, or any 
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other person or persons whomsoever, claiming or to claim hy, all taxes, 
assessments, and impositions upon or in respect of the said yearly rent, 
now or hereafter during the continuance of the demise hereby made to 
be taxed, rated, assessed, charged or imposed upon the ground hereby 
demised, or any part thereof, and that notwithstanding any grant, act, 

deed, matter, or thing whatsoever, by him the said . .^ , or 

any of his ancestors, made, done, omitted, committed, or executed, or 

knowingly or willingly suffered to the contrary, the said 

now hatii in himself good right, full power, and lawful and absolute 
authority by these presents to demise, and gprant, or secure of the said 
piece of land and premises hereby intended to be devised, and every 
part of the same, with the appurtenances, according to the true 
intent and meaning of these presents, and that free and clear, and 
freely and clearly acquitted and discharged, or otherwise well and 
sufficiently saved and kept harmless and indemnified by the said 

, his heirs, executors, administrators, of, from, and against 

all former and other gifts, grants, demises, assignments, leases, 
mortgages, charges, and encumbrances whatsoever had, made, done, 

committed, suffered, or executed by the said , or any of 

his ancestors, or any person or persons lawfully claiming by, through, 
under, or in trust for him, them, or any of them. And further, that he, 

the said , his heirs, executors, administrators, or assigns, 

shall and will, at the expiration of the term hereby granted, at the 

request, costs, and charges of the said , his executors, 

administrators, or assigns, and on pajnnent of the sum of , by 

way of fine or premium for such renewal, forthwith duly make and 

execute unto him, the said , his executors, administrators, 

or assigns, a new and further lease of all and singular the premises 
hereinbefore demised, at and under the same yearly rent, and with 
and subject to the same conditions, covenants, provisions, and agree- 
ments, including this present covenant, as in ti^ese presents engrossed 

and contained. And further, that he, the said , his heirs, 

executors, administrators, and assigns, and every person whomsoever 
lawfully claiming any legal or equitable estate, right, title, term of 
years, or interest whatsoever into or out of the said premises, by, from, 
through, under, or in trust for him or them, or any of his ancestors 
(other than in respect of the said rents hereby reserved, and all the 
powers and remedies hereinbefore provided for securing and reserving 
the same), shall and will, troia time to time, and at all times hereafter, 
on the reasonable request, and at the costs and charges in all things of 

the said , his executors, administrators, or assigns, make, 

do, execute, or cause and procure to be made, done, and executed, 
every such further and other granted deed or assurance in the law 
whatsoever for more effectually demising and assuring the said piece of 
land and premises unto the said , his executors, administra- 
tors, and assigns, according to the true intent and meaning of these 
presents, under and subject to the rents and covenants aforesaid, as by 

the said , his executors, administrators, or assigns, or 

their counsel in law, shall be reasonably advised and acquired. And, 
lastly, he, the said , for hunself, his heu^, executors, ad- 
ministrators, and assigns, doth hereby covenant and agree with the 
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said ........ ,liis executors, administratois, and assigns, ffaat he,fhe said 

, his heirs, executors, administrators or assigns, will and shall, 

from time to time, and at all times hereafter during the continuance of 
any demise (imless prevented by fire or other ineviteble accident), upon 
every reasonable request, and at the prober costs and charges of the 

said , his executors, administrators, or assigns, produce 

and show in , to the said , his executors, 

administrators, or assigns, or to his or their counsel, solicitor, or agent, 
a bill of sale from the , dated , for the transpor- 
tation, support, and defence of the possession, estate, right, title or in- 
terest of l^e said , his executors, administrators, and 

assigns, of him to, or respecting the said land and premises hereby 
demised and leased, or any part thereof ; and also that he, the said 

, his heirs, executors, administrators, or assigns, shall 

and will, upon the like request, and at the cost and charges of the said 

, his heirs, executors, administrators, or assigns, make 

and deliver unto the said , his heirs, executors, adminis- 
trators, or assigns, or to his or their counsel or solicitor, true and 
attested copy or copies of and extract or extracts from the said bill of 
sale. 

In witness whereof, the said parties to these presents have hereunto 
set their hands and seals, the day and year above written. 

Signed, sealed, and delivered, by the within named , in 

the presence of us. 
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GEIfERAL HINTS ON FACTORIES. 

The estimates and prices given in this work, it need scarcely be 
said, must be considered as approximate. The prices of machinery 
will vary more or less according to the price of metals, wages, &c 
Wages throughout aU parts of England are rising steadily every year, 
and strikes for higher wages are common enough. Even in the same 
place, for precisely the same machines, the estimates (and exclusively 
from first-class makers) will vary from 10 to 15 per cent, or more. 
One maker may have orders on hand to last for some months ; another 
may be a little "slack;" or, if the machinery be for a new market, 
one who has more foresight, in order to obtain a hold in that market 
for his machinery, wiU not much care what percentage he makes^ 
From this and other causes prices of machinery will vary even at the 
same place and same time. 

Cheap machinery will prove the dearest in the end ; and it will be 
false economy to send oxtlers to England to purchase such. It is not 
only necessary that machinery for India and the East should be made 
in a first-class style, of the best workmanship, materials, and finish, 
but that it should contain the latest improvements, or the improve- 
ments by which a greater quantity could be produced, or saving 
effected in the cost of production. This is of much importance, as the 
cost of the machine itself is a matter of secx)ndary consideration, the 
progress of improvements in machinery being continuous. A new 
proprietor can avail himself to the fullest extent of new improved 
machinery, and beat the old ; whereas the old, even if he has the sense 
and desire, is not always in a position to avail himself to that extent. 
With the aid of improved machinery, obtained principally from 
England, and cheaper labour, without coals or even the raw materials, 
the Continentals, in some manufactures, compete with the English in 
several markets very successfully. 

The cost of packmg machinery, as a rule, amounts to 10 per cent. ; 
sometimes an additional charge is made for delivering it alongside the 
ship. Freight and insurance on machinery will amount to about 
IS per cent., more or less, according to the class of machinery. 

Erection of machinery is not at all a difficult task in a place where 
skilled labour is to be had, as each part of a machine, before being 
packed and shipped from England, is marked and numbered, so that it 
fits in exactly and truly when erected in the factory. When the 
machine is complicated, drawings and full directions are sent. The 
most important point in the erection of machinery is accurate level 
and exact measurements. For large textile factories, if trade is pro* 
fitable, it would pay to get mechanics from England, and send them 
back to England aner their work is completed. This is done even in 
Russia and other parts of Europe. At all events, for the present, for 
carrying on almost all the industrial manufactiiring enterprises in 
India and the East, English managers or superintendents, or by what- 
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ever name they may be called, will be required, till a class of native 
mechanical engineers, trained up for the special work, springs up. 
The agreement with the European managers who are engaged in 
England is generally for a period of three years. It is clear that 
upon the right choice of a manager will depend in a great measure the 
success of the enterprise. The machinery may be the best, with all 
the latest improvements ; but if the manager is an " incapable,** or 
indifi'erent, or careless, the enterprise will prove a failure commer- 
cially. It is therefore absolutely necessary that the interests of a 
manager ou^ht to be combined with that of the proprietors ; and that, 
beyond receiving a fixed salary, the manager should receive a certain 
bonus out of the profits, or in proportion to the specific amount of work 
turned ofif beyond the stipulated quantity. Sometimes European 
managers, after arrival in tlie East, seeing that so much of the suc- 
cess of the enterprise depends on them, do things which they can 
never dare to do in England, and forget their duties. In such unfor- 
tunate cases, in order just to check them in time, and to remind them 
of their duties, all the necessarv clauses should be inserted in their 
agreements ; but the less the check applied, and the more they are 
treated with kindness, the better for themselves and their employers. 
A form of agreement has been given which requires merely the blanks 
to be filled up according to circumstances. 

Native Mechanical Etigineere. — Natives who have been sent to 
England, and trained as mechanical engineers, have done good service 
in introducing improved machinery, chiefly in Western India, and 
have received very handsome salaries. One was placed in a high posi- 
tion as superintendent of machinery in the Government dockyard, 
having under him several Europeans in the boiler, smithy, and other 
departments of machinery. But such examples have been very rare. 
In Bombay some of tiie cotton mills are entirely under the manage- 
ment of native engineers. But every native, before being placed in 
such a position, ought to receive a good English education, and a 
regular training in practice as well as theory, so that he may render 
efficient service. 

Classes in the Indian Government colleges for civil eng^eering 
have been formed on the European model ; and a native gentleman 
lately gave a large donation of money for a civil engineering college. 
But India wants mechanical engineers as well as civil, to assist in 
developing the resources of the country, hitherto so neglected ; and it 
behoves Government to afiford every facility to Indian youths for 
receiving the education necessary for a mechanical engineer. Lately 
a company was started in Bombay for advancing money at a very 
moderate interest to those natives who were desirous, and who were 
qualified, to proceed to England to receive their education as civil or 
mechanical engineers, and for other professions ; but the company has 
collapsed, and nothing whatever has been done. The Government 
owes a duty to India in training her sons, who will be instrumental in 
acting as pioneers of civilisation, and adding to the wealth and pros- 
perity of tiie country. 
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GENERAL FORM OF AGREEMENT WITH 
EUROPEAN MECHANICS. 

Articles of Aoreement, made this day of , One 

Thousand Eight Hundred and Sixty- . . . . , hetween , 

residing at , of the one part, and , 

Engineer and Mechanic, of the other part, 

Witnesseth, that for the considerations on the part respectively of 
the said , and the said , hereinafter ex- 
pressed, it is herehy agreed hetween the said and the 

said , as follows, that is to say : — 

1. That the said shall enter and he engaged in the 

ser^dce of the said , his executors or administrators, or 

any of his or their future partner or partners, successors or assigns, at 

certain works or mills of the said ahout to he erected 

at , for the term of years, to commence and he 

computed and terminahle as hereinafter contained. 

2. That in the discharge of his duties he shall, with all due care, 
attention, and diligence, conduct and complete in proper and perfect 
order, the erection and fitting-up and keeping in the most perfect 
workiug order and condition, all engines and valves, and all machinery, 
gearing, and shafting, as may he required of him, and all other 
machinery that may he requisite and necessary, to put the same into 
full and perfect work, and so to place and arrange all valves of engines 
that such engines may work steady and perfect, and so to set all valves 
connected with the several hoilers that the steam will hlow off at a 
given pressure, and so to fix such wheel gearing and shafting that the 
same will run evenly and work with perrect truth, and as is requisite 
and usual in all pedect machinery used in such factories, and that ho 
will put the same into full work and take charge of and keep the samo 
in perfect working order and condition, and so that they will not, nor 
win any of them, in any manner, spoil or injure any of the work or 
manufacture. 

3. That he, the said , will remain in the service of the said 

, his or their executors, administrators, or assigns, or 

other the person or persons for the time heing the partner or partners 
at any time hereafter in the said works of for the period of 

years from the date hei-eof. 

4. That he will devote himself exclusively to the service of the said 

, or other the persons hereinhefore contemplated, in all 

the usual and regular hours of husiness, sickness or other unavoidahle 
accidents excepted, and will not ahsent himself from, such service with- 
out his or their leave or permission in writing first ohtained, and will 
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obey all his and their commands and directions, and aLso all cominaads 

and directions of for the time being of such ^works, and 

to the best of his abilities will faithfully, honestly, and diligently 
execute such work as he or they shall desire him to do, and will also 
to the best of his abilities teach and instruct all the hands and appren- 
tices employed in and about the said works in the art, mystery, and 

management and direction of all or any of the said engines, 

valves, boilers, and other the said machinery as may be required of 
him, and will also devote the whole of his time, attention, and abilities 
to tiie affairs and concerns of his said employers, and will do every 
act, matter, and thing required of him in reference to the concerns of 
the said business, and will also attend to every branch or department of 
such works as aforesaid, or which shall or may, from time to time, and 
at any time during the said period of service, be reasonably required of 
him, and will, in the performance of all such duties as aforesaid, use 
his best endeavours to promote the interest of his employers by due 
care and diligence, and will be faithful and just in all his dealings and 
transactions, and submit to all such rules and regulations in reference 
to business hours of attendance, leave of absence, and otherwise, as 
shall be in force and may from time to time be required to be observed, 
and shall in all things attend to and abide by the directions and orders 
of his said employer or employers or their chief manager for the time 
being, and will not himself, during the said term, nor permit others, to 
wilftdly spoil, waste, embezzle, or destroy any tools, implements, 
machinery, or things committed to his charge or care or otherwise. 
6. That if, during the continuance of the said term, through any 

stoppage of the works of the said , or if through any 

casualty whatever (not occasioned by or through the neglect or default 

of the said ) occurring, by means whereof the said .... 

shall not be called upon to attend to the said concerns and 

business, the wages payable as hereinafter mentioned to the said 

shall continue to be paid notwithstanding, provided that if 

such stoppage or casualty be occasioned by such neglect or default 
then and during such time as the said works shall be stopped, the 
wages of the said shall cease. 

6. That in the event of any such stoppage or casualty, from any 

cause whatsoever, and of the said being unoccupied, an 

account of the tiine so not employed shall be kept, and the said 

, or other the employer or employers, shall at any time tiiere- 

after be at liberty to require the services of the said for 

an equivalent period of time, but only at such reasonable hours beyond 
or over the usual hours of duty as he or they may appoint, and so that 
such lost or unoccupied time may be fully made up during extra hours; 
and it is expressly agreed that in respect of such extra l^e no allow- 
ance in the shape of extra wages to the said shall be 

made. 

7. That he, the said , will not, during the said term 

of three years, engage, imless with the consent in writing of the said 

, or other the said person or persons for the time being 

constituting the principals in the said works, in any trade, business, or 
employment other than as aforesaid, nor will serve any other person or 




WITH EUROPEAN MECHANICS. 313 

persons for hire ot reward in any capacity whatsoever or otherwise, 
nor attempt to impede his employers in their business, nor divulge any 
of their secrets or connections to any persons whomsoever, and will not 
do or engage in any act which may imfit or disqualify him from the 
regular and vigorous discharge of his duties, or which may be reason- 
ably expected to induce or bring about any such infirmities or disquali- 
fication ; and that if he, the said , shall, without lawful 

excuse or cause, quit the service of the said , or of the 

person or persons interested in and managing the said concern during 
the continuance of these presents, such lawful excuse or cause to he 

certified in writing under his or their hands, the said 

wiQ pay or cause to be paid to the said , his executors, 

or administrators, or other the person or persons aforesaid, the sum of 

sterling, and not by way of penalty, but as ascertained 

liquidated damages. 

8. That ia case the said shall be found to indulge in 

intemperate habits while in the performance of his duties, or in case of 
wilful negligence or ioattention to directions, irregularities in attend- 
ance at the usual and customary hours of work, absence without leave, 
except as aforesaid, embezzlement, or not performing his duties effi- 
ciently or to the satis&ction of his said employer or employers for the 
time being, then the said , his executors or administra- 
tors, or other the said person or persons, shall be at liberty to deduct 

fix)m the wages of the said such part thereof aa may be 

equivalent to any loss he or they may sustain, and to discharge the 

said , on giving him one calendar month's notice to that 

effect, or on payment of one calendar month's wages, to discharge him 
immediately, and thereupon this agreement and all the clauses, matter 
and things herein contained, shall cease and determine, except so far as 
the recovering from the said the said damages as afore- 
said. 

9. That he, the said , will, during the continuance of 

these presents, find and provide himself with and pay all charges he 
may incur for board and otherwise. 

10. And the said , on his part, agrees with the said 

, that in consideration of the said sei-vices of the said 

, and of the agreement on his part hereinbefore con- 
tained, he, the said , his executors or administrators, or 

other the person or persons for the time being interested in the said 
works, will, for the said period of years, determinable neverthe- 
less as herein contained, pay or cause to be paid to the said , 

the wages hereinafter declared, that is to say, during the first foui* 

calendar months thereof a salary of pounds sterling, or 

rupees per calendar month, and at the expiration of the said 

four months such salary shall be advanced and raised, and shall be at 

the rate of poimds sterling, or rupees , it being 

nevertheless declared that such last-named advance shall not be 

limited to the payment of the said pounds sterling, or rupees 

per calendar month, but immediately and so long as all the 

machinery in said works be running and kept in full and perfect 
work, then the said la^st-named advance shall be at once nuther 
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increafled, and such salary shall be pounds sterling, or rupees 

per calendar month, untQ the end of the said term of three 

years, determinable nevertheless as herein declared ; and it is also 
declared that if at any time during the continuance of these presents 
the said machinery, by being worked sixty hours during any week or 
weeks, shall produce and turn ofif any extra quantity of the best or 

first-rate quality over and above , then and in such event, and 

while such extra quantity over and above the said shall be 

turned off, the said shall be i)aid farther wages over and 

above and in excess of the said last-mentioned increase at the rate of 

for every so produced or turned oflf over and aboTe 

the said ; it being distinctly understood and agreed that tlie 

additional is only to be 'paid to the said in the 

event of his producing the extra quantity of within the sixty 

working hours named. And it is further declared, the said wages 

of the said shall be -paid monthly, the first sum of money 

to be paid at the expiration of one calendar month £rom the date 
hereof. 

11. That the said will, at his own costs and chaigee, 

convey the said as a second-class passenger by the over- 
land route from England to , vid Southampton ; and should 

the said faithfally observe and perform all the conditions 

and stipulations herein contained until the expiration of the said term 

of years as aforesaid, or should these presents be put an end to in 

writing by mutual consent, and no stipulation in such writing made to 
the contrary, then the said , his executors or administra- 
tors, will at his or their own costs and charges, and without any expense 

to the said , find and provide him with a second-class 

passage back again to England. Provided, nevertheless, and it is 
hereby mutually agreed between the said parties to these presents, that 

in case the said shall remain in on his own 

accoimt after the expiration of the said term of years as aforesaid, 

or after these presents shall be put an end to as contemplated in this 

clause, and does not leave within one calendar month 

from either of the said periods, then the said shall not be 

entitied te any money or assistance whatever on account of his travel- 
ling expenses home. 

12. And it is hereby mutually agreed and declared between the said 
parties to these presents, that if it be certified by two competent medical 

men, one to be appointed by the said , and the other by 

the said , that tiie climate of will prove &tal 

to the health of , then the said , by giving 

.... calendar months* notice in writing to the said , his 

executors or administrators, of his intention so to do, shall be at liberty 

to quit the service of the said , provided at the expiration 

of the said term of ... . months he forthwith proceeds to England at his 
own expense and charges. 

13. That in case the works, machinery, or any part thereof, be 
wholly or partially destroyed by fire or otherwise, or if while landing, 

or after the arrival and erection of the machinery in 

aforesaid, the same shall become injured, it shall be lawful for, but not 
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compulsory upon, the said , his executors or administra- 
tors, at any time, to declare in writing to the said that 

this agreement is void and determined, and thereupon these presents 
shall cease and determine, except so £eu: as contemplated in clauses 
7 and 15 of these presents, and for the purpose of enabling the said 
, his executors, administrators, or assigns, from recover- 
ing the damages therein ascertained. 

14. That if, in the event of the said , his executors or 

administrators, putting an end to these presents, as contemplated in 
clause 13 hereof, and there shall be nothing due or payable to him or 

them under clauses 6 and 13 of these presents, then the said , 

his executors or administrators, hereby agree forthwith to pay to the 

said three calendar months' salary from the date of such 

declaration, and to find and provide the said , without 

any cost to the said , a second-class passage home from 

to England. Provided, nevertheless, and this agreement 

is upon the express condition that such three months' salary shall not 
be paid nor payable, nor shall such passage be provided, imless the said 

shall forthwith when required return direct from 

to England as aforesaid. 

15. And it is further declared and agreed that in case the said 

, his executors or administrators, shall find the said 

not competent to discharge his said duties in a skilful 

and efficient manner, and to the satisfaction of the said , 

or such other persons as aforesaid, or their chief manager for the time 

being, then and in any such case the said , his executors 

or a^oinistrators, may, if they shall think fit, put an end to this agree- 
ment, and every part thereof, on giving to the said 

montiis' notice of their intention so to do. And fui tiier, that in case 

the said shall neglect his said duties in any way, or shall 

absent himself as aforesaid without leave from the works or other place 

of business of the said , or horn, such other duties as 

aforesaid, as he or they, or their chief manager for the time being, may 
have directed him to perform, or committing any breach of the stipula- 
tions of this agreement, then and in any such case the said 

shall pay to the said the sum of as and for 

liquidated damages, and not by way of penalty, and it shall also be 

lawful for, but not compulsory on, the said . . , his executors 

or administrators, or others, the partner or partners of the said 

for the time being, or the chief manager for the time 

being, at any time within seven days fit)m such neglect of duty or 
absence without leave, on committing any such breaches, to put an end 
to this agreement, and thereupon at any time during such seven days 

to discharge the said ; or, if the said , his 

executors or administrators, or other the said person or persons, diall 

not think fit to discharge the said withm such seven 

days, it shall be lawful for him or them, but not compulsory, at any 
time within two months after such neglect of duty, to give to the said 

one month's notice of tiieir intention to put an end to 

this agreement and every part thereof, and in such case this agreement 
shall from the expiration of that notice cease and be void, except so fax 
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as the recovering from the said the said damages as 

aforesaid. And also that in case the said shall through 

any neglect or default of his own, or by reason of the breach of any 
stipulation or agreement herein set forth, occasion or cause any stoppage 

of any of the works of the said , executors or admimstra- 

tors, or his or their partner or partners, or any damage, loss, or expense 
to him or them, or embezzle, waste, or spoil any of his or tiieir machi- 
nery, goods, or property, then and in such case the said 

shall, and he hereby expressly agrees to pay to the said , 

executors or administrators, or his or their partner or partners, as and 

for liquidated damages, and not by way of penalty, the sum of , 

and tiiereupon the said , executors or administrators, or 

the said partner or partners, may at any time thereafter, if he or they 
so think fit, but it shall not be compulsory upon him, or them, or their 
chief manager for the time being, at any time within seven days from 
such damage, loss, or expense, to put an end to this agreement, and 
forthwith discharge the said from such service as afore- 
said, or that in case he or they shall not so put an end to this agree- 
ment and discharge the said , it shall be lawful for, but 

not compulsory upon him or them, at any time within two calendar 
months from the date of such damage, loss, or expense, to give to the 

said one month's notice in writing of their intention to 

put an end to this agreement, and every part thereof, and in such case 
this agreement shall, from the expiration of such notice, cease and be 

void, except so far £is the recovering fit)m the said •. the 

said damages as aforesaid. It being nevertheless expressly declared 

that should the said , his executors or administrators, bis 

or their partner or partners, not put an end to tiiis agreement as afore- 
said, that he, the said , shall pay such damages as afore- 
said, and that it shall be lawful for the said , his executors 

or administrators, his or their partner or partners, to deduct, frt)m time 
to time, all and every damage sustained by him or them at any and 
every time from or out of any moneys that may then or thereafter be 

due and payable, or growing due and payable, to the said 

on any account whatsoever. 

As witness the hands of the said parties the day and year first 
before mentioned. 

(Signed) 
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FACTORY WORKPEOPLE. 

Tlie Hands required for working in factories not being used to the 
factory system of working steady a given number of hours, and 
being more accustomed to domestic labour, the change at first is not 
regarded with satisfaction by them ; consequently the production for 
a short time will be less than otherwise would be the case. In England, 
at the commencement of the factory system, the regular discipline 
was not liked ; so it will be in India and other countries where new 
industrial enterprises are to be conducted on the factory system. 

Regtdarity of Attendance of the hands employed is one of the most 
important points for working with economy. A factory will require a 
certain number of hands to attend to the machinery ; and the cost of 
fuel, superintendence, taxes, and other expenses will be the same, even 
if some are absent ; but the production then will be less. In Bombay, 
where in nine mills out of ten great mismanagement prevails, there 
is much irregularity of attendance of the hands, and on some days 
even one-fourth of lie machinery is not working from that cause ; the 
wages in some cases being also in arrear. 

But by giving reasonable wages, by introducing the system of wages 
according to the amount of work done, so far as it may be practicable, 
instead of paying a fixed sum by the month, by paying the wages 
regularly on a fixed day, by treating the hands with kindness, by 
building cottages or huts for them to reside in near the factory, and 
by taking other measures for their welfare, the irregularity of atten- 
dance, which is a drawback on the economy of production, will dis- 
appear to a great extent. In England the hands are paid regularly 
every Saturday. Even in England in most manufacturing towns there 
are a less number of hands present in the factories on Mondays than 
any other week days, as the men indulge too much in holiday-making 
on that day. 

Prizes given to the workpeople every six months or every year, in 
the shape of cloth, saree, or other wearing apparel, for regularity of 
attendance, and for producing the largest quantity in a given number 
of hours, and for good behaviour, will be a welcome reward itself^ and 
will stimulate their energies. 

School. — Every factory where boys and girls are employed ought to 
have a schoolroom attached ; and half an hour, mornings and evenings, 
should be devoted to giving lessons to the children in reading, writing, 
and simple sums. It will be found that after receiving this elementaj^ 
instruction, order will prevail in the factory ; they will be enabled to 
disting^uish their numbers on the roll call, which will save time, and 
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increased, and such salary shall be pounds sterling, or rupees 

per calendar month, until the end of the said term of three 

years, determinable nevertheless as herein declared; and it is also 
declared that if at any time during the continuance of these presents 
the said machinery, by being worked sixty hours during any week or 
weeks, shall produce and turn ofif any extra quantity of the best or 

first-rate quality over and above , then and in such event, and 

while such extra quantity over and above the said shall be 

turned off, the said shall be paid further wages over and 

above and in excess of the said last-mentioned increase at the rate of 

for every so produced or turned off over and above 

the said ; it being distinctly understood and agreed that the 

additional is only to be paid to the said in the 

event of his producing the extra quantity of within the sixty 

working hours named. And it is farther declared, the said wages 

of the said shall be paid monthly, the first siun of money 

to be paid at the expiration of one calendar month from the date 
hereof. 

11. That the said will, at his own costs and charges, 

convey the said as a second-class passenger by the over- 
land route fix)m England to ,vid Southampton ; and should 

the said faithfully observe and perform all the conditions 

and stipulations herein contained until the expiration of the said term 

of years as aforesaid, or should these presents be put an end to in 

writing by mutual consent, and no stipulation in such writing made to 

the contrary, then the said , his executors or a£nini6tra- 

tors, will at his or their own costs and charges, and without any expense 

to tiie said , find and provide him with a second-class 

passage back again to England. Provided, nevertheless, and it is 
hereby mutually agreed between the said parties to these presents, that 

incase the said shall remain in on his own 

account after the expiration of the said term of years as aforesaid, 

or after these presents shall be put an end to as contemplated in this 

clause, and does not leave within one calendar month 

from either of the said periods, then the said shall not be 

entitled to any money or assistance whatever on account of his travel- 
ling expenses home. 

12. And it is hereby mutually agreed and declared between the said 
parties to these presents, that if it be certified by two competent medical 

men, one to be appointed by the said , and the other by 

the said , that tiie climate of will prove &tal 

to the health of , then the said , by giving 

.... calendar months* notice in writing to the said , his 

executors or administrators, of his intention so to do, shall be at liberty 

to quit the service of the said , provided at the expiration 

of tiie said term of ... . months he forthwith proceeds to England at his 
own expense and charges. 

13. That in case the works, machinery, or any part thereof, be 
wholly or partially destroyed by fire or otherwise, or if while landing, 

or after the arrival and erection of the machinery in 

aforesaid, the same shall become iojured, it shall be lawful for, but not 
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compulsory upon, the said , his executors or administra- 
tors, at any time, to declare in writing to the said that 

this agreement is void and determined, and thereupon these presents 
shall cease and determine, except so far as contemplated in clauses 
7 and 15 of these presents, and for the purpose of enabling the said 
, his executors, administrators, or assigns, from recover- 
ing the damages therein ascertained. 

14. That if, in the event of the said , his executors or 

administrators, putting an end to these presents, as contemplated in 
clause 13 hereoi, and there shall be nothing due or payable to him or 

them imder clauses 6 and 13 of these presents, then the said , 

his executors or administrators, hereby agree forthwith to pay to tiie 

said three calendar months' salary from the date of such 

declaration, and to find and provide the said , without 

any cost to the said , a second-class passage home from. 

to England. Provided, nevertheless, and this agreement 

is upon the express condition that such three months' salary shall not 
be paid nor payable, nor shall such passage be provided, imless the said 

shall forthwith when required return direct from 

to England as aforesaid. 

15. And it is further declared and agreed that in case the said 

, his executors or administrators, shall find the said 

not competent to discharge his said duties in a skilful 

and efficient manner, and to the satisfaction of the said , 

or such other persons as aforesaid, or their chief manager for the time 

beins^, then and in any such case the said , his executors 

or administrators, may, if they shall think fit, put an end to this agree- 
ment, and every part thereof, on giving to the said 

months' notice of their intention so to do. And fui ther, that in case 

the said shall neglect his said duties in any way, or shall 

absent himself as aforesaid without leave from the works or other place 

of business of the said , or frt)m such other duties as 

aforesaid, as he or they, or their chief manager for the time being, may 
have directed him to perform, or committing any breach of the stipula- 
tions of this agreement, then and in any such case the said 

shall pay to the said the sum of as and for 

liquidated damages, and not by way of penalty, and it shall also be 

lawful for, but not compulsory on, the said , his executors 

or administrators, or others, the partner or partners of the said 

for the time being, or the chief manager for the time 

being, at any time within seven days fit)m such neglect of duty or 
absence without leave, on committing any such breaches, to put an end 
to this agreement, and thereupon at any time during such seven days 

to discharge the said ; or, if the said , his 

executors or administrators, or other the said person or persons, shall 

not think fit to discharge the said within such seven 

days, it shall be lawful for him or them, but not compulsory, at any 
time within two months after such neglect of duty, to give to the said 

one month's notice of their intention to put an end to 

this agreement and every part thereof^ and in such case this agreement 
shall from the expiration of that notice cease and be void, except so fax 
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increased, and such salary shall be pounds sterling, or rupees 

per calendar month, until the end of the said term of three 

years, determinable nevertheless as herein declared ; and it is also 
declared that if at any time during the continuance of these presents 
the said machinery, by being worked sixty hours during any week or 
weeks, shall produce and turn ofif any extra quantity of the best or 

first-rate quality over and above , then and in such event, and 

while such extra quantity over and above the said shall be 

turned off, the said shall be paid further wages over and 

above and in excess of the said last-mentioned increase at the rate of 

for every so produced or turned off over and above 

the said ; it being distinctly understood and agreed that the 

additional is only to be 'paid to the said in the 

event of his producing the extra quantity of within the sixty 

working hours named. And it is further declared, the said wages 

of the said shall be paid monthly, the first siun of money 

to be paid at the expiration of one calendar month from the date 
hereof. 

11. That the said will, at his own costs and charges, 

convey the said as a second-class passenger by the over- 
land route from England to ,vid Southampton ; and should 

the said faithfully observe and perform all the conditions 

and stipulations herein contained until the expiration of the said term 

of years as aforesaid, or should these presents be put an end to in 

writing by mutual consent, and no stipulation in such writing made to 

the contrary, then the said , his executors or a( 

tors, will at his or their own costs and charges, and without any expense 

to tiiie said , find and provide him with a second-class 

passage back again to England. Provided, nevertheless, and it is 
hereby mutually agreed between the said parties to these presents, that 

in case the said shall remain in on his own 

account after the expiration of the said term of years as aforesaid, 

or after these presents shall be put an end to as contemplated in this 

clause, and does not leave within one calendar month 

from either of the said periods, then the said shall not be 

entitled to any money or assistance whatever on account of his travel- 
ling expenses home. 

12. And it is hereby mutually agreed and declared between the said 
parties to these presents, that if it be certified by two competent medical 

men, one to be appointed by the said , and the other by 

the said , that the climate of will prove fatal 

to the health of , then the said , by giving 

.... calendar months' notice in writing to the said , his 

executors or administrators, of his intention so to do, shall be at liberty 

to quit the service of the said , provided at the expiration 

of the said term of ... . months he forthwith proceeds to England at his 
own expense and charges. 

13. That in case the works, machinery, or any part thereof, be 
wholly or partially destroyed by fire or otherwise, or if while landing, 

or after the arrival and erection of the machinery in 

aforesaid, the same shall become injured, it shall be lawful for, but not 
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compulsory upon, the said , his executors or administra- 
tors, at any time, to declare in writing to the said that 

this agreement is void and determined, and thereupon these presents 
shall cease and determine, except so far as contemplated in clauses 
7 and 15 of these presents, and for the purpose of enabling the said 
, his executors, administrators, or assigns, from recover- 
ing the damages therein ascertained. 

14. That if, in the event of the said , his executors or 

administrators, putting an end to these presents, as contemplated in 
clause 13 hereof, and there shall be nothing due or payable to bim or 

them under clauses 6 and 13 of these presents, then the said , 

his executors or administrators, hereby agree forthwith to pay to the 

said three calendar months' salary from the date of such 

declaration, and to find and provide the said , without 

any cost to the said , a second-class passage home frt)m 

to England. Provided, nevertheless, and this agreement 

is upon the express condition that such three months' salary shall not 
be paid nor payable, nor shall such passage be provided, imless the said 

shall forthwith when required return direct from 

to England as aforesaid. 

15. And it is further declared and agreed that in case the said 

, his executors or administrators, shall find the said 

not competent to discharge his said duties in a skilful 

and efficient manner, and to the satisfaction of the said , 

or such other persons as aforesaid, or their chief manager for the time 

being, then and in any such case the said , his executors 

or administrators, may, if they shall think fit, put an end to this agree- 
ment, and every part thereof, on giving to the said 

montiis' notice of their intention so to do. And fuither, that in case 

the said shall neglect his said duties in any way, or shall 

absent himself as aforesaid without leave from the works or other place 

of business of the said , or from such other duties as 

aforesaid, as he or they, or their chief manager for the time being, may 
have directed him to perform, or committing any breach of the stipula- 
tions of this agreement, then and in any such case the said 

shall pay to the said the sum of as and for 

liquidated damages, and not by way of penalty, and it shall also be 

lawful for, but not compulsory on, the said , his executors 

or administrators, or others, the partner or partners of the said 

for the time being, or the chief manager for the time 

being, at any time within seven days from, such neglect of duty or 
absence without leave, on committing any such breaches, to put an end 
to this agreement, and thereupon at any time during such seven days 

to discharge the said ; or, if the said , his 

executors or administrators, or other the said person or persons, shall 

not think fit to discharge the said within such seven 

days, it shall be lawful for him or them, but not compulsory, at any 
time within two months after such neglect of duty, to give to the said 

one month's notice of their intention to put an end to 

this agreement and every part thereof, and in such case tiiis agreement 
shall from the expiration of that notice cease and be void, except so far 
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by the use of the threshing machine, and the dififerent 
qualities of the grain also separated by the machine at a 
cost of Id, per quarter, against 3«. 5rf. by the old process. 

The progress in Great Britain in the manufacture 
and use of improved agricultural machinery is very 
rapid. Half a dozen firms made 327 threshing machines 
in the year 1852, but 1,084 in 1861, single houses 
turning out nearly 400 each per annum. The same 
number of makers sent out 270 steam-engines in the year 
1852, but 898 in 1861. At the present time the estimated 
number of agricultural steam-engines at work in Great 
Britain is about 12,000 ; they are being supplied at the 
rate of about 10,000 horse-power per annum ; and the 
average power of the farmer's engine is now 50 per 
cent, higher than it was ten years ago ; this latter cir- 
cimistance being due to the increased size and capabili- 
ties of the threshing machines, and also to the spread 
of steam tilling implements throughout the country. 
Four manufacturers sold only 32 reaping machines in 
1852, but 1,715 in they ear 1861. Of these machines, 
so recently introduced, one factory has now turned out 
more than 5,000; and, including hay-mowers, four 
other houses have supplied altogether more than 
20,000 in Great Britain, and half that number to other 
countries. One firm makes 4,000 root-cutters and 
pulpers every year ; another firm makes 1,500 horse- 
rakes, 4,000 sets of harrows, ^nd 7,000 ploughs per 
annum. 

Even a machine for plucking cotton has been in- 
vented lately in America, which is expected to do the 
work of twenty men. The value of agricultural imple- 
ments and machinery in use on farms in the United 
States in 1860, amounted, according to the official 
returns, to £50,000,000. 

Now contrast this with India, with its area of 
1,605,688 square miles, and a population of about 200 
millions, where not one person is engaged in manu- 
facturing a single improved agricultural implement. 
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^hile in England one single firm turns out 7,000 
ploughs per annum. There is not in India, throughout 
the whole length and breadth of the land, a single 
society, such as the Royal Agricultural Society of 
England, for the promotion of agriculture, nor an 
annual exhibition of improved implements, nor an 
annual show of cattle ; nor is there a class formed in 
any school or college, for teaching agriculture on scien- 
tific principles, as in England. 

In England and other parts of Europe, agricultural 
improvement has arisen, not only in making use of 
improved machines, but also in the manufacture and use 
of artificial manures. At one time, common farm-yard 
manure was considered as the only efficient fertiliser. 
But the astonishing effect of adding bone-dust to grass 
lands, of guano and various substances to other crops, 
even in very small quantities, has caused a complete 
revolution in agriculture. The demand for bones is so 
large that they are imported into England from abroad; 
and India also sends the bones of its dead animals from 
a distance of ten thousand miles to fertilise the soil of 
England, in ignorance of its use. In England, at first, 
pieces of bone of half an inch were used, then quarter 
inch, then fine bone-dust. The last improvement con- 
sisted in dissolving the bone in common cheap sulphuric 
acid (which is extensively manufactured in some parts 
of India) ; this was found to surpass greatly in efficiency 
the finest bone-dust ; but English farmers found it in- 
convenient to prepare dissolved bones, so establishments 
were erected for that purpose, and the progress of this 
branch of industry has been so rapid that there are 
now in England and in other parts of Europe large facto- 
ries solely devoted to manufacturing artificial manures, 
principally from bones, but also from certain mineral 
productions, refuse charcoal from sugar refineries, refuse 
salts from chemical works, woollen waste, &c. It has 
been found that many of these substances in their 
natural state, even after being pounded, have little or 
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no effect on the crops, but that in order to restore the 
exhausted land, they require special chemical treatment. 

The manufacture of artificial manures, in comparison 
with other branches of industry, is very simple, and 
does not require expensive machinery beyond the ordi- 
nary crushing and mixing apparatus, which are best 
set in motion by small steam-engines, or even by water 
power. 

Centuries have rolled over India, yet the state of 
agriculture is the same. Let this be changed, as it has 
been in other civilised countries. Let the laws of nature 
be taught in Indian schools ; then the Indians will seek 
for scientific principles, and not be content with the 
observance of mere routine. Let science lend her aid 
in Asia in relieving the necessities and in advancing the 
comforts of its inhabitants. By such change, upon no 
class will greater benefits be conferred than upon the 
agricultural; the landlord and the Government will 
also share in it, as half the revenue is derived from land; 
and the manufacturer in India and England will rejoice, 
as what benefits one must benefit the other. The deeper 
the plough will go in the soil in Asia, the faster the 
shuttle will fly in the weaving looms. 
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PRICE LISTS OF STEAM AGRICULTURAL MACHINERY, 

Adapted fob LETrma on Hibe, or for Use by Large 

Landed Proprietors. 

£ 
Steam cultivator, with ploughing apparatus, windlass, steel 
ropes, with portable steam-engine, mounted on wheels, 
complete, witii harrows combined, for working on the single 

engine system, from £600 to 800 

For working on the double engine system, from £800 to . 1,500 

The above cultivator effectually cuts up land at one operation, and 
also prepares the ground already turned up, effecting two operations at 
one time if required. "Without the removal of the engine or wind- 
lass, as much as 40 acres can be cultivated, or 7 to 10 acres in a day, on 
the single engine system, and the engine can be used for threshing or 
other purposes. 

£ 
Steam threshing machine, fitted to prepare the grain for market, 

mounted on wheels complete, driven by straps, from £150 to 600 

The operations of this machine are threshing, winnowing, straw 
shaking, and delivering deemed com into bags at the end of tiie ma- 
chine. They are suitable for places where grain has hitherto been trodden 
out by the feet of oxen, and will thresh from 24 to 68 bushels of com. 
Some machines are fitted with a straw chopper, which reduces it into 
small pieces. 

£ 
Steam centrifugal pumps, to raise water for irrigation, 10 to 20 
feet high, fit)m 600 to 4,000 gallons of water per hour, 

fit)m£76to 280 

Disintegrator for pulverising boiled bone, bone ash, guano, and 

other materials for manures, with casing complete . • 80 

(Extracts from the Report on Steam Cultivation.) 

" We have seen one instance where good results were obtained on 138 
acres, but the circumstances are too exceptional. "We think 260 acres 
of strong arable land is the minimum- quantity on which it would be 
wise to introduce steam culture, the engine still earning most of its 
money at other work ; in such a case we decidedly recommend the 
roundabout plan, with a cultivator and plough. . . . On lighter 
land a larger breadth would be desirable, say from. 350 to 400 acres, 
and as the acreage is increased beyond these limits, the profit of the 
investment would be increased. . . . Farms require more or less 
preparation for steam ; fences should be taken up, and in some cases 
roads made. • • • Trees left in the arable fields present a serious 
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obstmctioii. ... In the majority of instances we found the pro- 
prietors satisfied with results, and, having once experienced the advan- 
tages of steam over horse-power, imwilling to go back to the old 
system. ... A point of importance on strong land is the effect of 
steam cultivation on drainage and produce. ... In many cases 
the increase has not been sufficiently marked to be visible to the eye* 
whilst in others from 4 to 8 bushels per acre is the estimated increase 
of com crops, and such a result would add materially to the profits on 
steam." — From the Journal of the Agrictdturdl Society of England, July, 
1867. 



AGRICULTURAL MACHINERY FOR ANIMAL POWER, 

£ 

ron plough, with all recent improvements, made suitable for 

India and the East, from £6 to ..... 15 

These ploughs are manufactured with slight modification in details 
for heavy or light soil, for working at various depths ; or the various 
processes of ordinary ploughing, paring, ridging, and subsoUing, can 
be performed by one implement. The average weight of these ploughs 
is from 2 to 31- cwt. 

£ 
Potato raising plough, adapted for places where large crops of 

potatoes are raised. From 3 to 4 acres can be raised in a 

day with two horses. From £6 to . . . . . 8 

Dwarf iron plough, for shallow ploughing, worked by a 

bullock. From £3 to 6 

Iron harrow, two to four beams, five or six rows of teeth, for 

general seed harrows ; weight from 1 to 2^ cwt. From 

£6 to . . . ... . . . 8 

Double-action hay-making machine, weight from 7^ to 12 cwts. 

From £14 to 20 

Threshing machine, complete, for being worked by bullocks, 

from £56 to . . ... . . . .100 

Grass cutting and reaping machines, with all improvements, 

from £20 to 30 

Pumps for irrigation, to be worked by bullocks, and to raise 

4,000 gallons per hour 150 
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THE TEXTILE MANUFACTURES OF INDIA. 

(Extracts from Dr. Forbes Watson's work, as originally printed 

for the India Office, 1867.) 

Specimens of aU the important textile mamifactures of India have 
"been collected in eighteen large volumes, forming one set containing 

700 specimens This work, therefore, may be regarded as an 

analysis of the contents of the eighteen volumes, and a classification of 
them according to function, quality, material, and decoration. 

Muslins. — ^A large proportion of these, and certainly the most famous 
of them, are manufactured at Dacca. Other places in India produce 
fabrics of extreme delicacy and beauty, though the Dacca weaver has 
unquestionably the first place, having never as yet been beaten, either 
in India or out of it. No one will examine them and marvel that they 
should have received such poetic names as the "Evening Dew," and 
"The Running Water," and the "Woven Air." The weight of a 
piece one yard wide and four yards long, was found to be 566 grains, 
and the weight of another piece of the same width, but ten yards and 
twelve inches long, was found to be 1,565 grains. 

Jamdanee, or loom-figured muslins, from the exquisite delicacy of 
manipulation which many of them display, may be considered the 
chef-d' ceuvre of the Indian weaver. From their complicated designs, 
they have always constituted the most expensive productions of the 
Dacca loom. 

Calicoes. — The common unbleached fabrics, under names varying 
in different localities, constitute a large proportion of the clothing 
of the poor. They are also used for packing goods, and as a covering 
for the dead, for which last purpose a large quantity is employed by 
Hindoos and Mohammedans. 

Canvas, Cotton. — The strength, lightness, and other good qualities of 
the cotton sailcloth manufactured in India, recommend it to more at- 
tention than it has received in this country. The quantity of cotton 
annually consumed in India in the manufacture of sail and tent cloth is 
very large. 

Checks and tartan patterns, made with cotton woven with coloured 
thread, are admirable imitations of well-known patterns in this coun- 
try. They are chiefly used for skirts, petticoats, &c. Some of the 
shepherd tartans are also used for making up into tax)users. 
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Dyed and ptinted fabriea are produced in many parts of India, or 
perhaps more properly speaking, here and there over the country. 
Musulipatam, Amee, and Sydaput, in the Madras Presidency, are 
fSEunous for their kheetee, or chintzes. Those of Musulipatam are known 
under the name of calum-kouree (which literally means "firm colour"), 
and exhibit great variety in style and quality. 

Cotton, Miscellaneous. — Not a few of them, such as the table napkins, 
d'oyleys, and pocket-handkerchiefe, are manufactured to suit European 
wants, and these illustrate the imitative power of the native manu- 
feicturer. 

Silk and Cotton piece goods form an extensive article of manufacture in 
many parts of India, chiefly for home consumption, but partly also for 
export. An important class of fibres, commonly known under the 
name of Mushroo, is a satin with a cotton back. It is a favourite 
material, and is used in a variety of ways by the well-to-do classes. 
All Mushroos wash well, especially the finer kinds. English or 
French satins are more beautirul botii in colour and texture ; but it is 
needless to say they will not wash. 

Wild Silks — in contradistinction to the foregoing, or cultivated 
variety — are the Tussar, Eria, and Moonga, and fabrics made of some 
of them — and particularly the Moonga — have probably been known in 
the East from time immemorial. Although Tussar is the variety of 
wild silks best made in this country, the Moonga, from its superiority 
in point of gloss and other qualities, is that most commonly employed, 
especially for the manufacture of mixed fabrics, and for some kinds 
of embroidery. The silk Moonga is imported into Dacca from Sylhet 
and Assam. The cloths of this class are of considerable variety, both 
as regards texture and pattern. Some consist chiefly of cotton, with 
only a silk border, or a silk flower or figure in each comer ; others 
are striped, chequered, or figured with silk throughout the body of the 
cloth. These cloths are made exclusively for the markets of Arabia. 
Some are occasionally shipped to Rangoon, Penang, and places to the 
eastward, but the far greater portion of them is exported to Jidha, 
whence they are sent to the interior of the country. A considerable 
quantity of them is sold at the annual fair held at Meena, in the 
viciniy of Mecca. They are made into turbans, gowns, vests, &c., by 
the Arabs. 

Kincob. — Of the varieties and patterns produced in India by the 
combinations in the loom of silk, gold, and silver, only a faint idea can 
be obtained from the specimens. The European manufacturer who 
may have attempted the introduction of metal into his fabrics, will all 
the more readily comprehend and admire the results obtained by the 
Indian weaver. 

Gold and Silver Tissues. — In these tissues the fiattened wire, instead 
of being twisted round silk thread, is itself used: the warp, or the 
weft, as the case may be, being of very fine silk thread, so as ti) inter- 
fere as littie as possible, with the continuity of the surface presented by 
the metal. It is thus that the cloths of gold and silver, of which we hear 
in Eastern countries, are made. 

Hand, or Needle Embroidery, is a kind of work in which the natives 
show an admirable skill. Every kind of fabric, from the coarsest 
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muslin to the richest cashmere doth, is thus decorated ; and though 
Dacca and Delhi are the places best known for their embroidery, there 
are numerous other places in India in which the workers are equally 
skilfuL Chikan work includes a great variety of figured or flowered 
work on muslin, for gowns, scarfs, &c. It also comprises a variety of 
network, which is formed by breaking down the texture of the cloth 
with the needle, and converting it into open meshes. 

Cashmere Shawls. — ^This is now by far the most important manufac- 
ture in Punjaub, but thirty years ago it was almost entirely confined to 
Cashmere. The best shawls in the Punjaub are manufactured in Um- 
ritsur, but none of the shawls made in the Punjaub can compete with 
the best shawls made in Cashmere itself. A woven shawl made at Cash- 
mere, of the best materials, and weighing seven pounds, will cost in 
Cashmere as much as £300. Of this amount, the cost of the material, 
including thread, is £30, the wages of labour £100, miscellaneous ex- 
penses £50, duty £70 Pushtwi, or shawl wool, is a downy sub- 
stance, found next the skin, and below the thick hair, of the Thibetan 
goat. 

CameVs Sair Clothy called puttoo, is usually considered to be manu- 
fiEUitured from the inferior qualities of shawl-wool. The puttoo is 
generally employed by the natives for making up into long coats, 
called chogaSf ornamented in a variety of ways, generally by means of 
silk brai(&ng. 

Kerseymere-like Clotlis, unlike the puttoo, are of a rather hard de- 
scription, like our kerseymere cloths. 

WbollenSy striped^ are made up for wear in Sikkim, as well as in 
Nepal and Thibet. CumUee is worn in the cold weather for the pro- 
tection of the head and shoulders. Felts are used for blankets and 
cloaks, and for making into leggings. These felts are commonly used 
as carpets, cushions, bedding, horse clothing, &c. 

Carpets and Rugs are of five kinds, and the manufacture is of very 
considerable extent. The first is made entirely of cotton, and is of a 
close, stiff texture, and smooth surface. The ordinary name of these is 
Suttringee^ and they may be said to be made here and there over the 
whole countrj', their use being almost imiversal. Thejr are extremely 
durable. In tiie second kind the warp, like the last, is of cotton, but 
the woof is of wool. The loom employed in weaving both these is 
horizontal, without either treadles or reed, and the warp is stretched 
out the whole length and breadth of the piece intended to be wrought. 
The woof is not thrown across with a shuttle, but is passed through 
by several workmen, who bring the threads together with wooden 
combs in place of a reed. The narrowest piece requires two men, and 
eight or ten men are employed when the breadth is great. The third 
kmd is made of cotton, but instead of presenting the plain surface of 
the two last, a short, thick-set pile of cotton is worked into it. In 
the fourth group the pile is of wooL 
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KAMB OF FLACB 

Agra 

Ahmednugger 

Arcot 

Bangalore 

Beckaneer 

Beejapoor 

Belgaum 

Bellary 

Benanis 

Berhampore 

Berhampore 

Bhagulpore 

Bhairulpore 

Bhurtpore 

Bickul 

Bombay 

Broach 

Buttala 

Cachar 

Calcutta 

Cashmere 

Chicacole 

Chingleput 

Chunderee 

Coimbatore 

Combaconum 

Congeveran 

Coonathoor 

Cuddalore 

Cuddapah 

Candapore 

Cutch 

Dacca 

Darjeeling 

Delhi 

Deyra Ishmail 

Dharwar 

Futtygurh 

Gangam 

Goodaspore 

Gwalior 

Gya 

Harzara 



PRBSIDENCT OB 



DISTRICT 


NAME OF FLACB 


N.W. Provinces 


Hoshiarpore 


Bombay 


Hyderabad 


Madras 


Hyderabad 


Mysore 


Jegpore 


Rajpootana 


Jhelum 


Suttara 


Kangra 


Bombay 


Karicul 


Madras 


Kohat 


N.W. Provinces 


Kurnool 


Ganjam 


Lahore 


Moorshabad 


Leiah 


Bengal 


Loodiana 


Native State 


Madras 


Ditto 


Madura 


North Canara 


Mangalore 


Bombay 


Musulipatam 


Ditto 


Moorshedabad 


Goodnapore 


Mylapore 


Bengal 


Nagang 


Ditto 


Nagpore 


Native State 


Nellore 


Gangaum 


Nurrapore 


Madras 


Odeypore 


Gwalior 


Palamcottah 


Madras 


Patna 


Tan j ore 


Pondicherry 


Chingleput 


Pulicat 


Ditto 


Kadnagore 


Arcot 


Rajamundry 


Madras 


Raneepore 


South Canara 


Rawul Pindee 


Native State 


Salem 


Bengal 


Santipore 


Ditto 


Sattara 


N.W. Provinces 


Shahabad 


Punjab 


Shikapore 


Bombay 


Sikkim 


Furracabad 


Surat 


Madras 


Sydaput 


Punjab 


Taniore 
■ Tricninopoly 


Native State 


Bengal 


Vizagapatam 


Punjab 


Warungul 



PSBSIDBKCT OB 
DISTBICT 

Punjab 

Sind 

Deccan 

Native State 

Punjab 

Ditto 

Tan J ore 

Punjab 

Madras 

Punjab 

Ditto 

Ditto 

Madras 

Ditto 

South Canara 

Madras 

Bengal 

Chingleput 

Madras 

Nagpore 

Madras 

Sind 

Rajpootana 

Tinnevelly 

Bengal 

South Arcot 

Madras 

Ditto 

Ditto 

Ditto 

Punjab 

Madras 

Bengal 

Bombay 

Patna 

Sind 

Native State 

Bombay 

Chingleput 

Madras 

Ditto 

Ditto 

Deccan 
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MINERAL RESOIJRCES OF INDIA. 

(Extracts from a Paper " On the Results of the Great Exhibition, 1862," 
in the Practical Mechanics' Journal^ by M. C. Cooke, Esq., F.S.S., 
India Department, London.) 

We are only now beginning to understand in what the mineral 
wealth of India really consists, and it is gratifying to learn that the 
coal and iron resources have so increased in development as to occupy 
very prominent positions in this collection. 

Iron. — The most important part of metalliferous deposits is the iron 
series. Of these ores a good collection is shown from various localities. 
The red ochrey ironstone of Cuttack is represented by specimens from 
Dhenkenal and Talchere. An abundance of this ironstone is found in 
the district of Sumbulpore, and it is plentiful in the Cattack tributary 
states of Talchere, Dhenkenal, Pal-Sahara, and Ungool, and, in fact, 
throughout the hilly country bordering the settled districts on the 
north-west. All the iron employed in this division is obtained from 
these local sources. In Sumbulpore the crude iron is sold for about 
three farthings per poimd. In smelting the ore no flux is used. The 
broken ironstone is mixed with charcoal, and put into a clay furnace of 
about four feet in height. The fire is maintained by an artificial blast, 
introduced through a fire-clay pipe, which is luted with clay after the 
insertion of the nozzle of the bellows. The slag is raked out through 
an aperture made in the ground, which runs up into the centre of the 
furnace base. The charcoal employed is that of the Saul tree, which is 
abundant. Although limestone in calcareous nodules is plentiful on 
the spot, it is nowhere used in smelting. A si)ecimen of the Ungool 
ore taken from the ground, where it had lain exposed to sun and rain, 
p;ave 66 per cent of teroxide of iron, equal to 46 per cent, of metallic 
iron. A sample from Pal-Sahara gave 60J per rent, of protoxide, 
equivalent to 47 per cent, of metal. Iron ore, of which a specimen is 
exhibited, is found in the vicinity of Moonghyr, in the Korruckpore 
hills, and is smelted by the natives for local use. 

The whole chain and spurs of the Vhyndhya range, in the Shahabad 
district, is full of mineral stores. Abundant quarries of peroxide and 
protoxide of iron are opened in the accessible portions of the K5nnore 
range, which is a spur of the Vhyndhya. Most of the ores are rich in 
metal, some of them yielding from 70 to 75 per cent, of pig iron. 
Some of the best iron in India is produced at Palamow and Singrowli. 
The Singrowli iron, especially, bears a high character in the market, it 
being tough, flexible, and eaaly worked. The greater portion of the 
Kymore ores are found on what is termed the old red sandstone, super- 
lying fossiliferous limestone of indefinite thickness. Although there is 
an abundance of mineral coal in South Mirzapore, in Pal^ow, and 
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Singrowlif the native smelters only employ wood charcoal, and the 
whole process is conducted in the simplest manner. 

The East Indian Iron CJompany exhihits a very interesting series 
of iron ores, accompanied by articles of manufacture. The ores are 
those worked by the company, and consist of samples from Salem, 
South Arcot, and Boypore ; the stone of which the shell of the blast 
furnaces are built ; the shells employed as a flux ; samples ' of wood 
used for making the charcoal employed in smelting ; native goat skin 
bellows ; charcoal pig iron, bar iron, cast iron, and Bessemer steel, 
made at Beypore, du^t from the furnace, with specimens of cutiery, 
made by native smiths from the above-named Bessemer steel, and 
cutiery made from the same steel at Shefi&eld. This series is included 
for convenience and comparison in one case, and is as important as it 
is complete and interesting. 

The iron ore of the Salem district is a rich magnetic oxide, which 
is very heavy and massive. The yield averages 60 per cent, of metal. 
A portion of this ore is a pure black magnetic oxide, which would 
yield as much as ^3 per cent, of iron. The ore is sometimes much 
mixed with quartz, which is a very refractory material in the blast 
furnace. The chrome ores of Salem are rich, but have hitherto been 
turned to little account. 

The Kumaon Iron Company furnish samples of their metal, but no 
information as to the kind or source of the ores employed. 

Specimens are also sent by his Highness the Maharajah of GwaHor 
of the dhiioo or iron earth found in the Gwalior district. • Iron is 
obtfiined from this ore at the cost of twelve annas for twenty seers 
weight, or eighteenpence per 40 lbs. Ores are also shown from Ten- 
dookhera and Agureea. At Tendookhera the ore actusdly worked is 
a large vein in the limestone of the great schist formation of the 
Indian Survey. It occurs to the north of the Nerbudda, in the open 
flat country between the river and the Vhyndhya hills. Only one mine 
is worked at present, but a similar ore has been found at other places 
in the neighbourhood. The ore resembles that of the forest of Dean, 
and contains about 40 per cent, of iron. It is calcareous and very 
fusible, and is largely smelted by the natives at Tendookhera, where 
about sixty furnaces are generally at work. The ore is obtained by 
means of pits sunk from 30 to 40 feet through the alluviimi of the 
valley. From the iron of these mines the susj^ension bridge of Saugor 
was built several years ago. The Agurea ore is obtained in thin flakes 
of a grey colour and metallic lustre. The mines are situated on a hill 
consisting of iron ore found at eighteen inches from the surface, ex- 
tending over an area of 60,000 square yards, with an average deptii of 
thirty feet. 

Fetroleum. — Petroleum is sent from Burmah, but although the supply 
is unlimited, the price is high, as the monopoly is in the hands of the 
king. A similar product is forwarded from Assam, but without more 
de&oite information of the precise locality. A kind called Cheduba 
petroleum is sent from Akyab, where it is used by the natives for 
burning in lamps, and varnishing the bottoms of boats. 

Flumbago. — That hitherto obtained from Indian localities has scarcely 
been of a quality sufficiently fine for pencils, but would be available for 
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crucibles : the demand for it for such purposes being on the increase, it 
will not bo uninteresting to learn that specimens have been sent from a 
mine discovered last year at Goorgaon. It is found in masses of 
variable sizes, and in general quite detached. In some cases the rock 
all round is fall of plumbago, mixed with small micaceous particles. 
Provisions are being made for a further and more minute examination 
of this deposit. This mineral is also contributed from Vizagapatam 
and Malacca. 

Sulphur. — Sulphur is also forwarded fix)m two or three localities, 
amongst which may be named the Hala mountains, west of Gundava, 
and the mines near Shorun in Beloochistan. 

Amber. — There are some manufactured articles of amber of excellent 
quality, but the crude material sent is unworthy of notice. 

Hocks or Building Stones. — Porphyritic and felspathic granites are 
shown from Shahabad, and limestones from Jubbulpore, Chota Nagpore, 
Cheynepore, and the Rohtas range. A small specimen of an excellent 
alabaster is exhibited from Jacobabad, and a quantity of rock forma- 
tions without locality or information of any kind, the papers accom- 
panying them having apparently been mis-sent. 

Ajnongst the slate series are some hone-stones from Chittledroog and 
North Arcot, and what is known locally as Moongee stone, which seems 
to be a kind of chlorite slate or Potstone. This stone, when quarried, 
is soft and easily worked, but soon becomes hard, black, and bright. 
It is locally employed for the manufacture of utensils, idols, and carved 
figures generally. It is extensively quarried at Arissa. 

Conmdum and Emery. — Those exceedingly useful minerals, corundum 
and emery, especially the former variety, occur in at least thirty 
different localities in the Presidency of Madras. Excellent qualities 
may be procured from Salem, Guntoor, Nuggur, and Coimbatore. 
Both kinds are frequently found associated togetber, as at Salem, 
Nuggur, and Nellore. 

Clays. — Pottery clays are abimdant in Bangalore, and although 
samples of the clay have not been sent, there are a few typical speci- 
mens of the pottery produced from them. A pure porcelain clay, con- 
vertible into a good white ware, is found in great quantities in Bangalore, 
and may be had for the trouble of picking it up. A buflf clay of good 
quality, and a brown potters' clay, abound. These, combined with 
felspar grit, are now manufactured into drain pipes, &c., by the pri- 
soners at Bangalore Industrial Convict School, which establishment 
has been in existence only about six months; and one of its chief 
objects seems to have been the utilisation of the vast quantities of 
clays which, though so abundant, had never before been turned to 
account. 

Excellent clays abound, of which the following are amongst the 
best : — White plastic clay, resembling the baU clay of the English 
potter, may be procured at Chingleput, Palaveram, Conjeveram, Cutta- 
paukum, Cuddalore, Cuddapah, Coringa, and the Neilgherries. Tough 
yellow clay is plentiful on the Red Hills, Poonamalee, Chingleput, and 
Cochin. Greyish-white clay at Bangalore, Tilaveram, Sireepermatoor, 
and the Neilgherries. Red clays at Burmah and the Gimtoor districts. 
True fire clays at Chingleput, Cuddapah, and Tripasore. Clunch at 
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Madras, Poonamallee, &c. Examples of these from some of the locali- 
ties are exhibited by Dr. Alexander Hunter of Madras, and others. 
Specimens of black and white clay are shown from South Arcot and 
the Nizam's territories. These are employed locally for the manufac- 
ture of pottery. Fire clays, brick clays, and clays for hydraulic 
cements are forwarded from Singapore. 

Kaolin may be obtained readily at Arcot, Hyderabad, Bimlapatam, 
Cuddapah, Bangalore, Chittoor, Madura, Cochin, &c. ; but this substance 
is very little used in India, on account of the ignorance of the natives 
as to the best methods of combining and firing it. 

Figments. — Of miscellaneous contributions not coining within the 
foregoing groups there are palsBontological and other specimens from 
the survey under the direction of Ph)fe8Sor Oldham ; earths employed 
as pigments, such as chalk coloured by the presence of oxide of iron; 
fullers' earth, gypsum, sulphate of barytes, chalk, grit, chert, and 
sandstone, inclu<mig flexible sandstone from Darjeeling ; mica, talc, 
and materials employed for the production of lime ; and lastly, the 
saline earths and chemical products obtained from saline efflorescence. 

Saltpetre and Sulphate of Iron, the former obtained from a saline 
efflorescence, and the latter from the mineral sulphate of the Kymore 
range. 

S/iale. — Specimens are exhibited of a black shale found principally at 
Kalabag on the Indus, from which alum is manufactured by a process 
very similar to the English method. An average of 430 tons are 
annually sold of the alum produced from this shale. 
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ARTS, MANUFACTURES, AND MACHINERY 
AT THE PARIS EXHIBITION OF 1867. 

(Extracted from the Engineering and other English journals.) 

The present is essentially the age of machinery, a comprehensive 
term which includes every rorm of productive apparatus. A machine 
is to a tool what an organ is to a whistle, or a regiment to a private 
soldier — a harmony of forces, a well-arranged combination capable of 
producing great results. The peculiarity of the time is vastness. In 
the Paris Exhibition you may see the mightiest preparations made for 
accomplishing the most ordinary and seemingly common-place results. 
The reflections with which one comes away from a walk among the 
machines in the outer ellipse are that the curse of labour is at length 
about to be removed from long-suffering himianity, and a new era 
begun in our history when the sweating brow shall give place to the 
attentive brain, and brute matter only require man's superintendence 
while it subdues itself. 

Cotton Gins. — ^As makers of spinning and weaving machinery, 
Messrs. Piatt and Co., of Oldham, have a reputation second to none. 
In separating the cotton fibre from the seed, they exhibit three gins 
on Macarthy's principle, in which a roller of a few inches diameter, 
built up of fibres of jute in the manner of a brush, but so compressed 
as more nearly to resemble timber or pasteboard, is slowly rotated on 
the front of a hopper, into which the uncleaned cotton is thrown, 
where it rests upon a wire grating sloped towards the roller, but not 
quite reaching thereto. In front of the mass of uncleaned cotton a long 
horizontal blade reciprocates against the horizontal jute roller, an 
opening being made in front of the roller to permit this action to take 
place. The fibres of cotton are caught between the vibratory blade 
and the slowly rotating roller, and as the blade descends the fibres are 
pulled away from the central seed, which, when denuded from the en- 
veloping fibre, is small enough to fall through the narrow opening 
formed by the grating not being brought qmte up to the roller ana 
blade. The seeds thus collect in the lower part of the hopper, from 
whence they are easily removable. This gin is more suitable for cot- 
ton of short or tender staple than the saw gin of Whitney. In cotton 
spinning machinery, improvements have been so great, and, the diffi- 
culties in the way of a satisfactory performance of the work have been 
so well overcome, that, simply by being more carefully opened, drawn, 
and doubled, counts of yam are now being spun from cotton, which a 
few years ago was not thought capable of being applied to the trade. 

Sewing Cotton. — Among tiie houses who have distinguished them- 
selves by adopting all improvements, and creating a large trade, we 
must name tluit of J. and £. Waters and Ck>. Their trophy is wholly 
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composed of sewing cotton on spools, cards, and in balls ; these latter 
are extensively manufactured for India, and other foreig^n markets. 

Oilf Soap, Candles. — ^At the present time stearine is manufactured by 
three processes : Ist, by saponfication of the fiitty matters with 13 or 
14 per cent, of lime, thus forming soaps — stearates, oleates, and mar- 
garates of lime — ^insoluble in water, whilst the glycerine set free is 
dissolved in the water; 2nd, by treatment with sulphuric acid, 
followed by distillation. The third process consists in the decomposi- 
tion of the fatty matters by the combined influence of water, heat, and 
pressure. It possesses the advantages of the first without the disad- 
vantages of the second. It is economical, and produces a white 
stearine, and, at the same time, an acid oil of good quality ; but there 
is the difficulty attending it that the treatment of the fatty matters 
subjected te it should be carried on in a vessel sufficiently strong to resist 
with safety an internal pressure of about 210 lbs. per square inch. A 
vessel of this kind for containing the fattjr matters whilst being treated 
under pressure cannot be constructed of iron, on account of that metal 
being rapidly attacked by the fatty acids, and it has therefore to be 
made of copper, a material, however, which is not so well adapted for 
resisting the pressure as iron, particularly at the temperature at which 
the process has to be carried on. A plain copper vessel for the purpose 
we have mentioned has therefore to be made of considerable thickness, 
and it is therefore costly, as well as being liable to be injured by ex- 
posure to the naked fire ; and to avoid these inconveniences, M. Leon 
Droux, of Paris, has designed and patented an apparatus, which has 
already been introduced in several large works. A fall-size apparatus 
of this kind is also exhibited by M. Droux in Class 51 of the French 
section. This apparatus consists of a large cylindrical copper vessel, 
2 ft. in diameter, into which the fatty matters to be decomposed are 
introduced by means of a funnel and cock. The copper cylinder is 
capable of resisting safely an internal pressure of about 213 lbs. per 
square inch ; and it is enclosed for the greater part of ite length in the 
outer iron cylinder, capable of resisting a similar pressure to the 
copper cylinder, llie lower part of this iron cylinder, which contains 
water, is placed in a furnace, and the cylinder thus serves as a water- 
bath for the inner vessel, and as a boiler for producing the steam 
required for effecting the decomposition of the fatty matters. The 
pressure also being the same within the iron as within the copper 
cylinder, all the lower part of the latter is relieved from strain. 
Altogether the apparatus is neatly arranged, and seems well adapted 
for its intended purpose. 

Iron Workshops. — Self-acting Tools. — ^The Exhibition of 1862 showed 
the first signs of a new era in tool-making having commenced on the 
Continent. The erection of railway repairing-shops all over the Con- 
tinent kept up a constant supply of orders; cheap labour, short 
distances for carriage, and in many cases a high protective tarifEi 
assisted the first steps in this direction. The tool-makers sold their 
tools to others, but imported English machines for their own use, until 
they had a plant sufficient to enable them to arrive at the same degree 
of accuracy in workmanship which used to be the distinguishing 
feature of machines made in the best workshops of England. The 
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ability and industry of their workmen has always be^i, and is still, an 
important point in favour of continental manufacturers. The result 
could not lail to be what it haa been, viz., equality in every respect 
except the cost of production and selling price of the articles. So 
much for the history of Grerman tool-making during the last few years. 
In France the course followed was similar, only modified by the 
peculiar method of action, which seems to suit the national character 
in that country, the Grovenunent taking the subject in hand. The 
Conservatoire dcs Arts et Metiers, that excellent national institution, 
began the collection of designs of English machines, and placed them 
at the disposal of everybody who was willing to take copies from them. 
Designs are furnished, according to requirement, to the other national 
schools and educational establishments throughout the country, and 
are obtained by the constructors and draughtsmen of the d^erent 
engineering establishments, practicaUy^ free of all expense. In some 
establishments in France the productions stand upon a level with the 
best tools produced in any country. 

Locomotives. — ^The English show is very small ; but it haa the honour 
of contributing by much the finest locomotive to the Exhibition — a 
model of strength, symmetry, compactness, and simplicity. Gro in 
among the French and German works and see what you find there. 
You find scores of engines, some of them extremely well made. One 
is a locomotive ordered for our Great Eastern Eailway . Forty such loco- 
motives have been ordered ; 15 of which have been approved, and this is 
the sixteenth. Such a fact as this may not be generally known, and 
it is important. When we go into Wurtemberg we find another fine 
locomotive ordered for England, at least for one of the East India 
railways. An order has been given for no less than 20 similar ones. 
We still provide the designs for the locomotives, but we have to go 
abroad to get them manufeictured, where the labour market is cheaper. 
A question naturally arises — ^Will not the designs follow the manufac- 
ture ? Here you go to Crouzot for 40 engines as %wn\ as any that r;aa 
be made in England, and cheaper ; or ^ou go U) F>sling<m for 20 of 
similar merit. What will the end of this pvwAim lie ^ VrUUt (mrmilvm 
on our designs as we may, how lon^ arc wo lik«ly Ut r<5iain mi\mritmiy 
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cutting nails out of plate iron, and which, tntm iho rn\fU\\iy wHh 
which it works, and the excelhmcy of \\m \tt^ritivmiiUt'MAnni\y Atm^ytm 
the notice which it attracts. Tho naiU aro vMi <;tit pttrUtt'Xf with Ut*iuU 
and pointed ends, all made in tho ono oiH;raii';n of niHtttpUtu^- ifUi, Tin* 
machine in the Exhibition is i\iUH\ wiifi tmiUtrn arrAii^'Ml for itmUUtjf 
nails 2t^ in. long, and which are cut from a plat«» of ifoit A Uh iUUk* 
Eight nails fall out fully made with maU rhvoltiiUm *Hf i(m 'iiivUtii 
shaft, and at the time we saw it tho uuuhUttt whh inuUUt^ uhoiti \w 
strokes per minute — that iwU) itay, it wim inariufiMdiiHfiif iimMm ai Mm» 
rate of nearly 1,000 per minute, apparently with iUu {^t^mUmi tmm- Im 
the manufacture of smaller uailif tho raU of \frin\\ii'M wottUif of tiffwm, 
be much more rapid. 
Screw-making Maehiiis,—Thiu^ in a mmtUm nt ti%iam9i*i\f Uifimtittm 
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construction, for making small screws. The macliine completes a 
screw by a set of several operations eflfected in succession by different 
tools. These tools are fixed in a revolving holder, which turns after 
each operation has been completed, and presents to the article operated 
upon a new cutter, which completes another part of the work. The 
turning of the tool-holder is made self-acting, the workman having 
only to move a lever forward and backward for each special operation, 
each set of six operations completing the work to be performed by the 
machine upon one article. 

JFood- Working Machinery, — ^Mr. Markert's machine-made doors and 
windows occupy a large frontage in the Austrian machinery gaUery, 
amongst the objects of civil engineering and architecture. The col- 
lection contains doors of the simplest kind, with specimens of flooring 
and windows to match ; and commencing with these it rises through a 
considerable number of gradations, all represented by full-size speci- 
mens, up to the most highly ornamented doors, windows, and " parquet" 
floorings, such as made at these works for the internal outfit of some of 
the finest houses and palaces on the Continent. We have before this 
noticed the extraordinary depth and boldness of Mr. Markert's mould- 
ings, which is sometimes very difficult to produce by machinery, but 
which gives to these productions a particular architectural beauty. 

MISCELLANEOUS. 

" A machine for door-hinges, and capable of producing sixty complete 
hinges per minute, was shown in the French department. These 
hinges are made of two sheets of brass, formed in narrow strips, and 
coiled up'each in a large roll, which unwinds itself while working, and 
of one coil of wire, which supplies the central pin of the hinge. The 
strips of brass are punched out in the places where they are intended 
to interlock each other, and are afterwards doubled round the piece of 
wire, which is cut to the proper length. Ultimately the holes for the 
wood screws or nails to pass through are punched and countersimk, and 
the finished hinge thrown out of the machine. 

Machine for Chitting Wood for Lucifer Matches^ in a perfectly cylin- 
drical form and. of equal lengths, was exhibited in the French depart- 
ment. Matches of cylindrical form have been hitherto produced 
almost exclusively by hand, particularly in Austria and in some parts 
of Germany. In those coim tries a very considerable trade in such 
matches has been carried on for a very long time, and they are con- 
siderably exported to other countries, including England and America. 
The action of the machine is very rapid, throwing out a small bundle 
of matches at each stroke, and the quality of the article produced is 
superior to that made by hand. 

Enamelled Iron-ware for Domestic Use, — ^In the Austrian department 
some interesting articles were exhibited. There is a copper plate 
enamelled with a glaas-like substance, which is neither affected by 
moderate heat nor by acids, and does not crack when the plate is beat 
in either direction to a very sharp curve. The more ready and very 
successful application made of it hitherto, however, is the production 
of enamelled iron ware for domestic use and for chemical laboratories. 
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The enamel is absolutely free frova. lead, "which most fi^uently forms 
an element of similar enamels, and is of course injurious. Theyessels 
covered with this material can bo exposed to all kinds of rough treat- 
ment, and even scratched over with a knife, without destroying the 
glassy surface, nor does the latter suffer from exposure to heat. 

Agricidtural Machines. — ^Messrs. Fowler have a magnificent display 
of steam-ploughing machinery, whilst Messrs. Howard, of Bedford, 
have a model of their system in the Annexe, their full-sized tackle 
being at Billancourt. 

The general exhibition is very similar to the one in London in 1862, 
and the only new objects of importance which we have discovered 
there are exhibited by Messrs. Bansomes and Sims, of Ipswich, and 
Messrs. Howard and Co. The latter firm show a new self-acting 
sheaf-delivery reaper, in which the mechanical apparatus for working 
the rake which delivers the sheaves is constructed by means of two 
wheels and a crank, thus avoiding aU the complicated gear which has 
hitherto been found necessary in order to obtain the combined lateral 
and rotary motion to the rake. Bansomes and Sims also exhibit an 
improved steam threshing-machine, with apparatus for bruising and 
chopping the straw so as to fit it for use as fodder for animals. The 
grain is threshed in the same way as in Bansomes and Sims' ordinary 
machines. After leaving the shakers, it is passed into a box containing 
two rollers fitted with knives and revolving at great speed ; one of 
these rollers cuts the straw into proper lengths, whilst the other 
bruises it, and, by the rapidity of its motion, and the peculiar shape of 
the cutters, it acts upon the straw in such a way that it leaves the 
machine thoroughly softened and prepared for the food of cattle. The 
chopped straw is blown by a cleverly contrived elevator to any height 
required. 

Superiority in invention does not settle that of superiority in the 
means of production. It does not much matter where an invention 
comes from, for generally all the world may adopt and work it. The 
great test of superiority is cheapness and excellence of production. 
The French, Belgians, and Germans can now spin cotton, make iron 
and machinery, and build ships and bridges, as well, and nearly (if not 
quite) as cheaply as we can. They can supply their own wants better 
than by buying from us, and they can compete with us in foreign 
markets, and even in some things now and then place their goods in 
our own markets. They have plenty of iron and plenty of coal for a 
very large production, and they can import raw materials from America, 
Bussia, or the East, as cheaply, of course, as we can. They have 
learnt all our trades, and, although we for a long time refused to give 
them credit for it, they are really excellent workmen. It is useless to 
boast longer of our supremacy ; for this has now but a doubtful, if 
indeed it has any real, existence ; yet, at the same time, we are certain 
that our Continental rivals have not obtained what we understand as 
the supremacy, nor will they ever obtain it. They can never become 
such extensive producers as to supply all the markets of the world, 
independent of ourselves. But that the French especially have made 
wonderful progress is shown by official and even startling statistics. 

India in the Faris Exhibition^ 1867. — ^Those who interested themselves 
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in the Exhibition of 1862 will certainly notice with regret the absence 
of any signs of engineering progress in India in the present one. On 
the former occasion were to be seen specimens of iron manufacture by 
the East India Iron Company, who are, however, now content to be 
represented merely by samples of the native iron ores. In raw mate- 
rials India is somewhat better represented, and there are several 
specimens of iron ore from different parts of the empire exhibited, and 
in one or two instances specimens of iron and steel prepared from them, 
and also specimens of charcoal from Indore, Burmah, and elsewhere. 
We flailed to discover any petroleum, which however has now been 
found in several parts of India. The products of the country have, 
perhaps, never been so extensively exhibited before, but the omission 
to include amongst the articles anything that would exhibit the engi- 
neering progress of the country has been to exclude those very 
branches of industry by which, in a greater degree than any other, 
India must look, if ever, to be raised from her present position to one 
of almost fabulous wealth and prosperity, to which her immense 
natural, but hitherto undeveloped, resources might yet one day 
raise her. 
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INDUSTRIAL COLLEGES* 

(Extracts from a Lecture delivered before the London Society of Arts, 

by Dr. Lyon Playfair, C.B., F.R.S.) 

It is well to inquire, in what we are so deficient, and what is the 
reason of this deficiency. Assuredly it does not consist in the absence 
of public philanthropy or want of private zeal for education, but 
chiefly rests in that education being utterly unsuited to the wants of 
the age. In the thirteenth and fourteenth centuries classical learning 
was, after its revival, highly esteemed : and its language became the 
common medium for expression in all nations. A thorough acquaint- 
ance with it was an absolute necessity to any one with pretensions to 
learning. It had a glorious literature, one as fresh as when it grew on 
the rich soils of Rome and Greece. Its truths were eternal, and were 
received by us in their traditional mythology, as Bacon beautifully 
says, like " the breath and purer spirit of the earliest knowledge floating 
to us in tones made musical by Grecian flutes." And why was that 
bewitching literature made the groundwork of our educational systems ? 
Does it not show that literature, like art, may have a standard excel- 
lence ; and that we are content to imitate where we cannot surpass. 
If the main object of life were to fabricate literati, I would not dispute 
the wisdom of making classics the groundwork of our education. They 
are not utterly dead, but, like the dry bones of the valley, they may 
come together, and have breathed into them the breath of life. In the 
world there is a constant system of regeneration. Theories exist for a 
time, but, like the phoenix, are destroyed, and rise yet more glorious 
from their ashes. Animals die, and by their decay pass into the 
atmosphere, whence vegetables derive their nutriment, and thus death 
becomes the source of life. But in all this there is no incongruity. 
A phoenix does not from its ashes produce an eagle, but a phoenix as 
before. The dry bones of dead literature may vivify into new forms 
of literary life. Classical literature and exact science are, however, 
wholly antithetic. If classical literature be sufficient to construct 
your spinning-jennies and bleach your cottons, your system of instruc- 
tion is right ; but if you are to be braced and your sinews strengthened 
for a hard struggle of Industry, is it wise that you should devour 
poetry, while your competitors eat that which forms the muscles and 
gives vigour to the sinews ? With such different trainings, who in the 
end will win the race? Science has not, like Literature and Art, a 
standard of excellence. It is as infinite as the wisdom of God, from 
whom it emanates. All ordinary powers decrease as you depart from 

* If such a lecture be necessary in a country like England, it is ten thousand times 
more so in India, where all the arts and manufactures have been at a stazKlHstill for 
hundreds of years. 
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the centre ; but the power of knowledge angments the farther it is 
removed from the human source from which it was transmitted. GK>d 
has given to man much mental gratification in trying to understand 
and apply to human uses His laws. How can we as a nation expect 
to carry on those manufactures by our sons of Industry, when we do 
not teach them the nature of the principles involved in their successful 
prosecution ? 

All the aspirations of youth are towards Science, especially that 
depending on observation, but we quench the God-born flame by 
**' freezing drenches of scholastic lore." You know of the nations that 
have towered high in the world, and the lives of men who have saved 
whole empires from oblivion. What more will you ever learn ? Yet 
the dismal change is ordained, and then, thin meagre Latin (the same 
for everybody), with small shreds and patches of Greek, is thrown, like 
a pauper's pall, over all your early lore ; instead of sweet knowledge, 
vile, monkish, doggerel grammars and graduses, dictionaries and lexi- 
cons, and horrible odds and ends of dead languages, are given you for 
your portion, and down you fall from Koman story to a three-inch 
scrap of ^'Scriptores Bomani** — from Greek poetry, down, down, to the 
cold rations of *^Foet(B Grady ^ cut up by commentators and served out 
by schoolmasters. Is this horrible quenching of all our youthful 
innate love of God's truth the education for the youth of a nation 
depending for its country's progress on their development ? How is it 
possible that dead Literature can be the parent of living Science and 
of active Industry ? 

It would ill become me, or any one, to speak disparagingly of the 
wisdom to be derived from a study of ancient authors, or to deny the 
immense importance of a knowledge of classical literature to education 
generally; nor would I like to see that education confined to stem 
realities, divested of the graces and poetry of polite literature. But I 
do, at the same time, vehemently protest against the exhaustion of all 
our youthful years by a mere classical tuition, especially in the case of 
that large class of the community who, by their exertions in industry, 
have confided to them, in a great degree, the prosperity of their 
country. As I do not think the teaching of classical literature as 
practised in our schools to be worthy of the name of education, neither 
do I apply that title to the communication of scientific knowledge 
alone, — and you will observe that I have always spoken of it by the 
term "instruction." I am propounding no scheme of education, but 
strongly insisting that instruction in Science should form an important 
part of the education of our youth. You may, and I hope will, soon 
raise an industrial university ; but this should have its pupils ready 
trained before it adopts them. Now, it must from itself act downwards, 
instead of working from the school upwards. Until our schools accept 
as a living faith that a study of God's works is more fitted to increase 
the resources of the nation than a study of the amours of Jupiter or of 
Venus, our industrial colleges will make no material headway against 
those of the Continent. In Paris, we find a Central College of Arts 
and Manufactures, into which the students enter at an average age of 
nineteen years, already well trained in the elements of Science, and 
going there to be taught how to use these elements for industrial 
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application. Three hundred of the best yonth of France are annually 
receiving at this college the most elaborate education ; and the best 
proof of its practical value is the great demand among manu^icturers 
for its pupils, a diploma from it being equivalent to assured success in 
life. Can you wonder at the progress making by France in industry, 
when she pours every year an hundred and fifty of these highly- 
educated manufacturers into her provinces ? A similar education to 
this is going on in almost all parts of Europe ; but in England only one 
such institution exists. "We have our University and King's College, 
it is true, and they are productive of much good ; and similar colleges 
exist in Scotland and Ireland ; but their instruction in Science termi- 
nates just where the industrial colleges of the Continent begin. In 
fact, the latter would be supplementary and a great support to the 
former. Government, acting on its own perception of right, in its 
first national recognition of these truths, now happily dawning on 
England, has established a School of Mines ; and the experience of this 
has shown that it is much appreciated, although it labours under the 
disadvantage of the want of a preliminary education in its pupils, 
compelling its professors, in its commencement, to be more elementary 
in their instruction than is well compatible with the proper objects of 
such a school. Now, while I urge the impolicy of a mere classical 
instruction to the youth of this country with all the expression which 
I can give to a matured conviction, do not suppose that I would wish 
to put all our youth in one Procrustean bed. I again allege, that it is 
the present system which follows this singular love of uniformity, and 
clips or extends the dimension of each youth to one common standard. 
It . is against this very confined system that I protest. It is truly 
lamentable that Oxford and Cambridge so little encourage the Sciences ; 
for, until the colleges throw open their widest portals to these, the 
schools in the country, deriving their life from them, will do little to 
reform the present vices of a limited and exclusive education. 

In this country we are, in many respects, remarkably unchangeable. 
Three professions, the Church, the Law, and Medicine, were supposed, 
some centuries since, to represent learning, and, with a wonderful 
blindness, they are still accepted as all-sufficient. Industry, to which 
this country owes her success among nations, has never been raised to 
the rank of a profession. For her sons there are no honours, no 
recognised or social position. Her native dignity, if tacitly under- 
stood, has never formally been acknowledged. Science, which has 
raised her to this eminence, is equally unrecognised in position or 
honours, and, from her very nature, cannot attain the wealth which in 
Industry solaces the absence of social position. This restriction of 
learned honours to three recognised professions has a lamentable effect 
both on the progress of Science and of Industry. Its consequence is, 
that each profession becomes glutted with ambitious aspirants, who, 
finding a greater supply than demand, sink into subordinate positions, 
becoming soured and disappointed, and therefore dangerous to the 
community. Kaise Industry to the rank of a profession, — ^as it is in 
other countries, — give to your industrial universities the power of 
granting degrees involving high social recognition to those who attain 
them, and you will draw o£f the excess of those talented men, to whom 
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the Chorch, the Bar, and Medicine offer only a slender chance of 
attaining eminence ; and by infusing snch talent into Industry, depend 
upon it the effects will soon become apparent. In foreign countries, 
professions involving social rank and position arise with their requiie- 
ments ; in our nation, we are content with a meagre classificaticm, 
scarcely sufficient for the middle ages, and not even a reflection of our 
present wants. These considerations are not mean ones, for, as long 
as ambition exists in the human mind, their good or bad adjustment 

wiU exercise a beneficial or pernicious influence on society 

Science has been a prime cause of creating for us the inexhaustible 
wealth of manufactures ; and it is by Science that it must be preserved 
and extended. We are interested as a commercial people — we are 
interested as a free people. The age of glory of a nation is likewise 
the age of its security. The same dignified feeling which urges men 
to gain a dominion over nature will preserve them from, the dominion 
of slavery. 

Bapid transition is taking place in Industry ; that the raw material, 
formerly our capital advantage over other nations, is gradually being 
equalised in price, and made available to all by the improvements in 
locomotion ; and that Industry must in future be supported, not by a 
competition of local advantages, but by a competition of intellect. All 
European nations, except England, have recognised this feet ; their 
thinking men have proclaimed it ; their governments have adopted it 
as a principle of state ; and every town has now its schools, in which 
are taught the scientific principles involved in manufactures, while 
each metropolis rejoices in an industrial university, teaching how to 

use the alphabet of Science in reading manufactures aright 

Our manufacturers were justly astonished at seeing most of the iforeign 
countries rapidly approaching and sometimes excelling us in manufac- 
tures, our own by hereditaiy and traditional right. Though certainly 
very superior in our common cutlery, we could not claim decided supe- 
riority in that applied to surgical instruments, and were beaten in some 
kind of edge-tools. Neither our swords nor our guns were left with an 
unquestioned victory. In our plate-glass, my own opinion — and I am 
sure that of many others — is, that if we were not beaten by Belgium, 
we certainly were by France. In flint-glass, our ancient prestige was 
left very doubtful, and the only important discoveries in this manufac- 
ture were not those shown on the English side. Belgium, which has 
deprived us of so much of our American trade in woollen manufactures, 
found herself approached by competitors hitherto almost unknown ; for 
Russia had risen to eminence in this branch, and the German woollens 
did not shame their birthplace. In silversmith work we had intro- 
duced a large number of foreign workmen as modellers and designers ; 
but, nevertheless, we met with worthy competitors. In calico-printing 
and paper-staining our designs' looked wonderfully French ; whilst our 
colours, though generally as brilliant in themselves, did not appear to 
nearly so much advantage, from a want of harmony in their arrange- 
ment. In earthenware we were masters, as of old ; but in china and 
in porcelain our general excellence was stoutly denied ; although indi- 
vidual excellencies were very apparent. In hardware we maintained 
our superiority, but were manifestly surprised at the rapid advances 
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making by many other nations It is a grave matter for 

reflection, whether the Exhibition did not show very clearly and dis- 
tinctly that the rate of industrial advance of many European nations, 
even of those who were obviously in our rear, was at a greater rate 
than our own ; and if it were so, as I believe it to have been, it does 
not require much acumen to perceive that in a long race the fastest 
sailing ships will win, even though they are for a time behind. 

A competition in Industry must, in an advanced stage of civilisation, 
be a competition of intellect. The influence of capital may purchase 
you for a time foreign talent. Our Manchester calico-printers may, 
and do, keep foreign designers in France at liberal salaries. Our glass- 
works may, and do, buy foreign science to aid them in their manage- 
ment. Our potteries may, and do, use foreign talent both in manage- 
ment and design. Our silversmiths and diamond-setters may, and do, 
depend much upon foreign talent in art and foreign skill in execution. 
But is all this not a suicidal policy, which must have a termination, not 
for the individual manufacturer, who wisely buys the talent wherever 
he can get it, but for the nation, which, careless of the education of her 
sons, sends our capital abroad as a premium to that intellectual progress 
which, in our present apathy, is our greatest danger ? This points to 
the necessity of the establishment of industrial colleges ; but it implies, 
at the same time, an adaptation of juvenile education to the wants of 
the age. All this impresses itself upon my mind with a conviction as 
strong as that the glorious sun sheds its light-giving rays to this natu- 
rally dark world of ours Do not let us, by severing Industry 

from Science, like a tree from its roots, have the unhappiness of seeing 
our goodly stem wither and perish by a premature decay ; but as the 
tree itself stretches out its arms to heaven to pray for food, let us, in 
all humility, ask God also to give us that Imowledge of His works 
which will enable us to use them in promoting the comfort and happi- 
ness of His creatures. 
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